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Abstract
This thesis is designed to explore the hypothesis that settled dust in a domestic 
environment can contain significant levels of allergens and that common cleaning 
methods employed to remove dust can result in sufficient airborne exposure to 
potentially trigger an allergic reaction.
Qualitative feedback from respondents in studies of furniture dusting habits indicated 
that household furniture dusting could elicit an allergic response. A consumer 
questionnaire was fielded to confirm the problem and it’s magnitude. This indicated 
that it affected approximately 20% of allergy sufferers (or approximately 5% of the 
total UK population). Further work was performed to estimate the level of allergen 
exposure during dusting. Additional consumer research was fielded to ascertain the 
surface area being dusted, (approximatley 54000cm2 for frequently dusted areas and 
10000cm2 for infrequently dusted areas). Domestic dusting habits were probed for the 
relative frequency of dusting method, which split evenly between dry dusting, wet 
dusting with water and wet dusting with a furniture polish.
Surface sampling techniques were adapted to make in-home measurements of the rate 
of dust settling which was found to be approximately 3.19xl0"7g.cm‘2.day*1. In-home 
sampling was also undertaken to measure the mean allergen content of surface dust 
for major allergens, yielding 24667ng.g"1 combined dust mite, 47696ng.g‘l Fel d 1 and 
approximately 126808ng.g~‘ Can f  1. Laboratory-based studies determined the relative 
amount of dust rendered airborne during dusting of different furniture surface types 
and comparing different cleaning methods. This was found to be between 2.3—43.0%.
From these experiments, a model “average” home was constructed and used to 
estimate the exposure towards dust allergens during a typical dusting task. Exposure 
was estimated to be as much as 16500ng total dust mite, 124000 pig (31000 mU) cat 
allergen and 275000 ng (IU) dog allergen per dusting method. These results indicated 
that allergen exposure, under certain circumstances, could exceed the threshold levels 
that have been proposed for the onset of sensitisation.
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Glossary of Terms
Within this thesis, a number of specific words will be used. The definitions of these 
terms are listed below. In some cases, where there are multiple definitions, there will 
be further discussion within the text of the thesis on the accepted meaning. The 
definitions below are taken to be the meaning intended within this research.
T enn Definition
Allergen - Allergens are specific types of antigens that provoke a specific
IgE antibody-mediated response. See also section 1.3.1.
Allergy - Hypersensitivity reactions to external substances but only if
the immune system is involved in the reaction (Lilja, 1998).
See also section 1.3.1 for a discussion on the definition of 
allergy.
Allergic Disease - This is another way of stating “allergy” and was proposed to
narrow the definition of “allergy” which was being used 
interchangeably with “hypersensitivity”, even though this may 
not always be a reaction towards an external substance.
Anaphylactic Shock - Also called anaphylaxis, this is an acute, severe, generalised
allergic reaction and is the most dramatic manifestation of 
hypersensitivity. It is a severe, often fatal allergic reaction 
towards a foreign substance (Lane et al, 1997).
Antigen - An antigen is a chemical substance that is recognised by the
immune system as being “non-self5, i.e. is a material that is 
foreign or not normally produced within the body. Antigens 
trigger an immune response in the appropriate receptor cells.
Asthma
Atopy
Conjunctivitis
Consumer
Dalton
Dermatitis
- Asthma is a chronic inflammatory disorder of the airways, in 
which many cells play a role, in particular eosinophils, mast 
cells and T lymphocytes. In susceptible individuals, this 
inflammation causes recurrent episodes of wheezing, 
breathlessness, chest tightness, and cough, particularly at night 
and in the early morning. These symptoms are usually 
associated with widespread but variable airflow limitation that 
is at least partly reversible, either spontaneously or with 
treatment. The airway inflammation also causes an associated 
increase in airway responsiveness to a variety of stimuli 
(Sheffer, 1992). See also section 1.3.2.
- The inherited characteristic of a subject that they are readily 
triggered to produce IgE antibodies after exposure to common 
environmental allergens (Merrett, 1997). See also section 1.3.1.
- This term is used to describe a number of related allergic or 
infective conditions that all affect the ocular system, or eyes 
(Hingorani et al, 1997). See also section 1.3.8.
- This is defined as a member of the general population 
purchasing a specifically identified product (for example a 
furniture polish).
- A unit of mass used to describe the size of protein molecules 
(e.g. allergens). 1 Dalton (Da) = 1 atomic mass unit (u) =
1.6605655x10"27kg.
- Also called atopic dermatitis, this is the skin-related 
manifestation of allergic disease or atopy, and is diagnosed 
based on a number of clinical and serological features
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(Bmijnzeei-Koomen et al, 1997). These are discussed further in 
section 1.3.4.
Domestic
Environment
Dust
Dusting
Eczema
ELISA
- This is defined as the conditions found within the confines of 
private homes of members of the general population, 
determined by factors such as the temperature, humidity, air 
flow, house contents and occupants. It is also often called the 
“indoor environment” to distinguish it from the more general 
“outdoor” or “general” environment.
- This is defined as the particulate matter that is generated and 
settles within a domestic environment as a direct result of the 
occupants and activities within that environment. Dust is 
composed of a complex mixture of human epithelial cell 
residues, inorganic particles (e.g. fine grit and tobacco ash), 
organic particles (e.g. pollen grains, mould spores, dust mite 
faeces) and fibres (e.g. natural hair fibres & synthetic fibres 
from clothing & furnishings). See also section 2.4.5.
- This is defined as the process of removing dust from surfaces 
within a domestic environment. Traditionally, this is performed 
with a feather duster or dusting cloth, and can be done in 
conjunction with a furniture polish.
- This is similar to dermatitis, in that it is an allergic reaction 
that is manifest in the skin. See also section 1.3.4.
- This stands for Enzyme-Linked Inimuno-Sorbent Assay and is 
a technique utilising antibodies to detect allergens in samples of, 
for example, house dust. The technique is discussed in detail in 
section 1.6.1.
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Eosinophils
Hapten
Hay Fever
I-IEPA Filter
Histamine
Hypersensitivity
- These are specific types of white blood cell (leucocyte) that 
are produced in bone marrow and are involved in the immune 
response towards an antigen. They react toward the antigen by 
releasing cytotoxic proteins and thus contributing to allergic 
inflammation (Wardlaw et al, 1997). See also section 1.5.3.
- Low (<1000u) molecular weight molecules that are very 
reactive antigens, but only when bound to a larger carrier 
molecule such as a globular protein (Lane et al, 1997).
- Flay fever, or seasonal allergic rhinitis (seasonal allergic 
conjunctivorhinitis) is a specific allergic disease towards 
pollens (Kay, 1997b). See also section 1.3.3.
- HEP A or High Efficiency Particulate Air filters are devices 
used in a number of applications such as vacuum cleaners or 
ventilation systems that are designed to remove more smaller 
particles than conventional felt or paper filters. HEPA filters are 
often composed of permanently electrostatically charged fibres 
(electrets) and are designed to remove in excess of 99.9% of 
airborne particles, down to a fraction o f a micron from a stream 
of air.
- Histamine is a biochemical formed by the action of histidine 
decarboxylase on the amino acid histidine. It mediates a 
number of physiological and pathological responses in many 
body tissues and cells. In allergic diseases, it is responsible for 
mediating the inflammation response after allergen challenge.
- This term has been used interchangeably with “allergy” but 
hypersensitivity is a more broader condition as there are a •
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number of conditions that lead to hypersensitivity that do not 
involve challenge from an external stimulus. For example the 
response to autoantigens in auto-allergic thyroiditis and the 
antigen/antibody (immune complex-mediated) reactions such as 
erythema nodosum leprosum (Kay, 1997a).
IgE - This is the particular type of antibody within the immune
system that has been linked with the allergic response 
mechanism (which is discussed further in section 1.5.3).
Immunoassay - This refers to a procedure that uses immunochemicals
(antibodies) as part of a quantitative / semi-quantitative 
analytical procedure for the detection of, for example, allergens 
in a sample of house dust. ELISA is the most common example 
of an immunoassay. See also section 1.6.
Lymphocyte - This is a particular type of cell that is involved in the immune 
response, or allergen response. There are two types, T & 13- 
lymphocytes, that perform different functions (see section 
1.5.1).
Pollen - Pollen is the name given to the male sexual reproductive cells 
of plants (Seargent 1997a). Types that are wind dispersed, thus 
can enter the respiratory system, can act as allergens.
Polish - This is defined as a specific type of household cleaner,
typically in aerosol form (but also available as trigger spray, 
liquid or paste wax) that is used for wood and other furniture 
surfaces to provide cleaning and enhance the shine. Polishes 
usually contain mixtures of wax and silicone fluid in a solvent-
Rhinitis
U /IU
based medium and are often employed as part of the furniture 
dusting process.
- Rhinitis is defined as inflammation of the mucosal lining of 
the nose, characterised by one or more of the following 
symptoms: nasal congestion, rhinorrhoea, sneezing and itching 
(International Consensus Report, 1994). This is often in 
response to an allergen challenge in the case of allergic rhinitis. 
See also section 1.3.3.
- This symbol represents international units against which some 
allergens are standardized in allergen assays. Pel d 1 allergens 
are here sub-standardized from the CBER cat dander reference 
E5, which contains 9.7 U.ml'1 Fel d 1. One unit = 4 jug of 
protein. Can f  1 is here standardized against the WHO/IUIS 
international preparation for dog dander, which contains 
100,000 IU Can f  1. One IU is approximately lng Can f  1 
protein.
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Chapter 1: Introduction
1,1 Objectives of research
The research and development division of the household product manufacturing 
company, S. C. Johnson Wax, sponsored this research. It was performed within the 
Home Cleaning Products category. Specifically, this research was designed to support 
the development of the new generation of furniture polishes and dusting aids as well 
as to provide a self-contained research project to be submitted for the level of Ph.D. 
For this purpose, it was critical that the research provided was in such a form that 
could be openly published and was not company confidential.
The main objective of this research was to quantify the exposure towards dust 
allergens during dusting within the domestic environment and the impact on the 
general population in terms of allergies & irritant reaction. Qualitative, anecdotal 
feedback from consumer research over the last few years has indicated that dusting is 
one of the main domestic activities that results in an irritant or allergic response.
While this fact has been assumed to be true it has not to date been quantified. Even so, 
recent studies are recognising the importance of domestic dust on allergic disease 
(Kogevinas et al, 1999). The experimental work performed within this research was 
designed to quantify what was, up to this point, mostly an anecdotal phenomenon. A 
more detailed outline of the research objectives is given in section 1.10, however, the 
overall hypothesis being tested is:
Settled dust in a domestic environment can contain significant levels o f  allergens 
that can provoke allergic disease. This dust is present in sufficient quantities to 
provoke a reaction and the cleaning methods employed to remove dust can result in 
airborne exposure above the threshold levels required to potentially trigger an 
allergic reaction.
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The secondary objective was to design a series of laboratory test protocols to allow for 
the development of novel dust control products. These methods were required to be 
simple, reproducible and to correlate as closely as possible to the conditions and 
habits found within the average domestic environment. In order to arrive at the 
estimation of dust exposure, there are several pieces of information that are needed:
- Quantification of the prevalence of respiratory allergic disease.
- Quantification of the prevalence of reaction towards house dust for allergic 
disease.
- Quantification of the rate of settling of dust in the domestic environment.
- Quantification of the rate of dusting in the home.
- Quantification of the method of dusting (dry, wet, with polish, with feather 
duster, etc.).
- Quantification of the surface area being dusted.
- Quantification of the effect of surface type (including surface treatments) on 
dust release into the air.
- Quantification of the effect of dusting method on dust release into the air.
- Quantification of the allergen content of house dust.
Some of the information can be acquired through consumer research, such as the 
prevalence of allergic disease and the dusting habits in the home.
Measurements such as dust settling can be measured directly within the domestic 
environment. Other measurements, such as the efficiency of dusting methods and the 
effect of surface type are entirely laboratory-based. For some of the measurements, 
dust release in the air for example, the measurement is not in the units required and 
needs to be converted (in this case from particle counts to mass for which the density 
of house dust is required to be measured experimentally).
The final part of the research is to attempt to confirm the estimated level of dust 
exposure by direct measurements (e.g. personal sampling). A key assumption being
made was that the airborne levels of dust involved in the immediate exposure during 
dusting are very low and thus difficult to measure.
The key objectives are summarised in section 1.10.
In order to achieve these objectives, a series of experiments and data collection studies 
were necessary. The experimental methods are covered in chapter 2, however, the 
following diagram (figure 1) gives a schematic view of how the pieces of information 
all fit together:
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1.2 History of Allergy
The history of allergies, their causes and treatments is a long one but it is only since 
the middle of the last century that the medical community has recognised the true 
nature and dynamics of the various allergic diseases. Indeed, the term “allergy” was 
not coined until 1905 by Clemens von Pirquet (Cohen, 1992). It was around the turn 
of the twentieth century that most of the groundbreaking work was performed and 
much of the terminology that is used today generated.
The concept of anaphylaxis was discovered by Charles Richet and Paul Portier in 
1901 (Mygind, 1996k, Cohen, 1992a) during experiments by which a dog was 
injected with the sting of the Portuguese man-o’-war jellyfish. After an initial dose of 
the poison, the unfortunate dog was given a second, much smaller dose twenty-two 
days later and promptly died. Richet and Portier had been trying to generate resistance 
to the poison in the dog’s system (prophylaxis) and it was as a result of the opposite 
reaction that they invented the concept of anaphylaxis.
Atopy is a term that was coined by the Americans Cooke and Coca in 1923 (Coca, 
1923). By their original definition, atopy referred to clinical forms of allergy (for 
example asthma and hay fever) in which “the individuals as a group possess a 
peculiar capacity to become sensitive to certain proteins to which their environment 
and habits o f life frequently expose them. ”
The last thirty years, following the recognised post-industrial explosion in the 
prevalence of allergy (Emanuel, 1988), has seen a significant increase in the level of 
research into and the understanding of the nature and mechanism of allergic diseases.
1.2.1 Recorded history of allergic diseases
The incidence of allergic diseases can be traced in the historical record back over four 
and a half thousand years, though it is logical to assume that they existed long before 
this. A number of authors have attempted to present the historical development of
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allergic disease (Avenberg, 1980; Cohen, 1992b, Mygind, 19961). Specific topics have 
also been reviewed in the literature, for example hay fever (Emmanuel, 1988) and 
asthma (Holgate, 1993).
The first recorded case of allergic disease dates back to 2698BC. Huang Di described 
in the Nei Cliing, the earliest known text on internal medicine, “noisy breathing” 
which is now assumed to be the first description of asthma (Ancestors of Allergy,
1994). The word asthma was itself used by Aretaeus of Cappadocia (120-180AD) but 
was originally coined by Hippocrates (460-375BC). The disease is well reported 
through history, though the understanding of the nature of the disease has changed 
drastically from the earliest reports and has been attributed to a number of causes.
The next earliest report of an allergic reaction is controversial (Avenberg, 1980a). It is 
based oil the translation of Egyptian hieroglyphs and supposedly shows the Pharaoh 
Menes dying of a wasp sting (2641BC). The general consensus among allergists and 
historians is that this is the first recorded example of anaphylactic shock.
Eczema was again first named by Hippocrates sometime between 460-375BC. (de 
Week, 1998). Play fever is the most recently recognised of the main allergic diseases. 
The first reference attributed to being hay fever was related by Leonardhus Bolallus in 
1565. He called it “rose cold’ because of the symptoms observed in some people after 
smelling roses. (Cohen, 1992c). One of the first serious descriptions of the disease 
was made by John Bostoclc in 1819 (Emanuel, 1988) of his own symptoms of “an 
example of an unusual train of symptoms ...a periodical affection o f the eyes and 
chest. ” He also recognised that the symptoms returned at around the same time (June) 
every year. The actual name, hay fever is of unknown origin but was in common 
usage in Southern England in the early 1800’s. The term was separately referenced by 
two authors, Bostoclc (1828) and MacCullock (1828). The history of allergies is 
summarised in table 1.1 below:
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Table 1.1 -  Summary of First Historical Evidence of Allergies
Disease First Direct / Indirect Report Term First Used
Asthma 2698BC -  Huang Ti “noisy 
breathing”.
Hippocrates (460-375BC)
Anaphylaxis 264IBC -  Pharaoh Menes dies of 
wasp sting.
Richet Sc Portier (1901)
Eczema 460-3 75BC- Hippocrates Hippocrates (460-375BC)
Hay Fever AD 1565 -  Leonardhus Botallus 
“rose cold’
Bostock (1828) Sc 
MacCullock (1828)
1.2.2 History of allergens and allergen sources
The earliest recorded allergen source is the insect sting from the report on the death of 
the Pharaoh in 2641BC (Avenberg, 1980a). Allergic reactions to foods are also among 
the earliest records. The description of asthma and eczema by Hippocrates was in 
reference to a reaction towards goat’s milk and cheese. There is also a reference by 
Thomas Moore of an acute skin reaction caused by strawberries that afflicted King 
Richard III (Avenberg, 1980b).
The first reference of an allergen of mammalian origin was made concerning 
Britannicus sometime before 41 AD (Avenberg, 1980c). In this case, the source was 
from horses. Allergic reactions towards cats were first recorded by Petro Mattioli in 
1570.
Although Dermatophcigoides mites were not identified as a major source of allergen 
in house dust until 1964-7 by Voorhorst and Spieksma (Voorhorst, 1964 & 1967), 
there are references that can be attributed to mite allergens from much earlier. Around 
AD 40, Marcus Terrentius Varro made the quote “ Very small animals invisible to the 
eye, floating in the air, growing in damp places, inhaled and giving rise to serious 
diseases, ” This is somewhat vague but has been thought to indicate mites. A more 
solid record was made by Jerome Cardan in 1552, in which he reported asthma due to 
bedding feather pillows, which was probably as a result of mite infestation.
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Drugs have long been recognised as having the potential to cause allergic reactions. 
The first report was made in 1648 by Thomas Dover who noticed that ipecacuanha 
caused asthma attacks in some pharmacists.
Pollen allergy was, for a long time, restricted to roses and not recognised as a more 
general affliction, encompassing pollens in general until the latter end of the 
nineteenth century following the work of Morrill Wyman (1872) and Charles 
Blackley (1873-80) (Cohen, 1992d & 1992e). Moulds were recognised as causing 
allergic diseases by F. T. Codham in 1924. The history of allergens is summarised in 
table 1.2 below:
Table 1.2 — Summary of First Historical Evidence of Allergens
A llergen: '■, y I f 'i ik  '.First D irec t/Ind irec t Report '
Insect 2641BC -  Pharaoh Menes dies of wasp sting.
Food 460-375BC- Hippocrates
Horse b. AD 41 -  Britannicus
Cat 1570 -  Petro Mattioli
Dust Mite 1552 -  Jerome Cardan (allergy to feather pillows)
Drug 1648 -  Thomas Dover
Mould 1924 -  F. T. Codham
1.2.3 Key milestones in diagnosis and treatment of allergies 
The development of allergy diagnosis and treatment was somewhat constrained by the 
medical techniques available at the time. This aside, the table below (table 1.3) shows 
some of the key milestones (de Week, 1997), though this is by no means a complete 
list and does not cover the research into the mechanism of the allergic response:
Table 1.3 -  Key Milestones in Allergy Diagnosis & Treatm ent
Year Reporter Subject
28th cent. BC Shen Nung First reference to anti-asthmatic plant.
1552 Jerome Cardan Elimination of feather pillows to avoid allergy.
1570 Pietro Mattioli First reported cat challenge to cat-allergic 
patient.
1656 Piere Borel First skin test (?) -  application of egg to 
hypersensitive patient’s skin.
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1895 Josef Jadassohn Use of patch testing in contact dermatitis.
1900 Solomon Solis- 
Cohen
Use of adrenal substances in hay fever & 
asthma.
1905 Clemens von 
Pirquet
First used tuberculin skin test in diagnosis.
1909 William Schultz Detection of anaphylaxis (contraction of 
smooth muscle in vitro).
1910 William Dunbar Method for pollen extraction and first serious 
pollen immunotherapy.
1912 Oscar M. Schloss Scratch test to detect food allergy.
1916 Robert A. Cooke Standardisation of allergen extracts.
1937 Daniel Bo vet First synthesis of antihistamine drugs.
1940 Mary Loveless Use of pure venoms in hymenoptera allergy
1954 William Franklin 
& Rosa Augustin
First placebo-controlled trials using allergen- 
inj ection immunotherapy.
1964 Lawrence 
Lichtenstein & 
Abraham Osier
Development of allergen-specific histamine 
release test
1967 Roger Altounyan Discovered anti-asthmatic drug sodium 
cromoglycate.
1967 L. Wide & Gunnar 
Johannsson
Development of RAST test.
1988 Martin D. 
Chapman
Pioneering work on ELISA test.
1.3 Types and Definitions of Allergy
This research is concerned with particular forms of allergy, in particular those which 
affect the respiratory system. In the following sections, the nature of allergic disease 
will be discussed. Also, there will be a review of the definitions of key terms used so 
that there is no confusion on the specific meaning of the word. An understanding of 
allergic disease and the source of allergens are important in the investigation of 
control methods.
The development of the definitions of some of the key terms will also be described, 
though a glossary of terms is presented on page (xii). Some of these have been 
modified as the database of knowledge has increased. In some circles, this has led to 
some terms being used for more than one distinct but related definition.
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Prior to the twentieth century, much of what we understand as allergic disease and 
related factors had not been discovered. When searching through the historical record, 
many of the terms used today were not in existence and much of the accredited 
accounts of allergic disease are based on deduction rather than direct evidence. A brief 
history of allergic disease is discussed in section 1.2.
1.3.1 The development of definitions -  Allergy, Allergic Disease, 
Allergens & Atopy
Already in this text, terms such as allergy and allergic disease have been used, but 
what exactly is meant by these terms, and how have the definitions developed over 
time? The latest definition of the term allergy has been described (Schafer, 1997) as:
“A  specific change o f  the immune system leading to hypersensitivity."
A broader but related definition (Mygind, 1996a) states that allergy is:
“When a substance, which is not harmful in itself, causes an immune 
response and a reaction that gives rise to symptoms and disease in a few  
predisposed individuals only.”
This definition has moved somewhat from the original meaning that von Pirquet 
described in 1906 (Kay ed., 1997). His definition was based on the observation that 
the condition of an organism could be changed after contact with an “organic poison”. 
He proposed the word ‘'allergy ” to fit the following statement:
"The vaccinated person beha ves towards vaccine lymph, the syphilitic 
towards the virus o f  syphilis, the tuberculous patient towards tuberculin, the person 
injected with serum towards this serum, in a different manner from  him who has 
not previously been in contact with such an agent. Yet, he is not insensitive to it. We 
can only say o f  him that his power to react has undergone a change. ”
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It is important to note that von Pirquet’s definition covered ” changed reactivity” in an 
individual and thus covered both immunity and hypersensitivity (i.e. positive ancl 
negative reaction to challenge from an external chemical or biological stimulus). The 
key change was that the definition of allergy was refined to exclude immune 
responses and focused on hypersensitivity only. This occurred mainly with the 
discovery that allergy was related to some kind of blood factor (Prausnitz, 1921) 
which was later identified as the antibody (immunoglobulin) IgE (Ishizaka, 1967).
The case for allergy) is further complicated with the concept of hypersensitivity. The 
two terms have been (and often still are) used interchangeably. However, there are a 
number of conditions that lead to hypersensitivity that do not involve challenge from 
an external stimulus, for example the response to autoantigens in auto-allergic 
thyroiditis and the antigen/antibody (immune complex-mediated) reactions such as 
erythema nodosum leprosum (Kay, 1997a). Hypersensitivity is also used in the 
context of altered sensitivity to chemical challenge that does not alter the immune 
system, which takes the definition of hypersensitivity outside of that for allergy.
Thus, the definition of '‘allergy” used in this work covers just those IgE mediated 
conditions such as asthma, hay fever or atopic eczema. The confusion can be reduced 
if ‘'allergic disease ” is used instead of “allergy” but the latest working definition of 
allergy (Lilja, 1998) states:
“Hypersensitivity reactions to external substances but only i f  the immune 
system is involved in the reaction
Atopy is a term first coined in 1923 (Coca, 1923). The word derives from the Greek 
atopia, which means strangeness. Atopy refers to the observed tendency of certain 
people within a given population to demonstrate immediate-response hypersensitivity 
reactions to certain external stimuli (Kay, 1997a). It can be defined as (Mygind,
. 1996b):
“An inherited predisposition to produce IgE antibody
Not everyone is atopic; that is to say, not everyone shows the persistent production of 
IgE in response to exposure of an external stimulus (allergen). There is a disagreement 
as to the precise definition of citopy. Some physicians regard it as being defined as a 
positive skin-prick test reaction towards standard allergen challenge. However, some 
patients can show a negative result in the skin-prick test while having IgE levels in 
their blood serum appropriate for allergic disease. This has resulted in an alternative 
view of atopy as being a clear manifestation of atopic disease (e.g. allergic rhinitis, 
asthma or atopic dermatitis). The complication of this definition is that atopic 
dermatitis is only associated, not mediated by the IgE immunoglobulin and the 
symptoms not directly associated with allergen challenge. Thus, it does not fit with 
the accepted definition of allergic disease (Mygind, 1996b). The generally accepted 
view at the moment is that atopy is not acquired but is determined by inherited genetic 
predisposition to develop allergic diseases.
For this work, atopy will be assumed to be (Merrett, 1997):
t(The inherited characteristic o f  a subject that they are readily triggered to 
produce IgE  antibodies after exposure to common environmental allergens. ”
It has been estimated that approximately 40% of the population of the United 
Kingdom are atopic (UCB Institute of Allergy, 1997).
An antigen is a chemical substance that is recognised by the immune system as being 
“non-self5, i.e. is a material that is foreign or not normally produced within the body. 
Antigens trigger an immune response in the appropriate receptor cells (see section 
1.5).
Allergens are specific types of antigens that provoke a specific IgE antibody-mediated 
response. There are three main classifications of allergen (Merrett, 1997):
12
1 -Reporter allergen -  An allergen towards which more than 50% of subjects 
make IgE.
2 -  Major allergen -  One that results in a significant drop in the potency of a 
source when removed from the extract (i.e. the most potent allergen in an extract 
containing more than one component).
3 -  Cross-reactive allergen -  Allergens that react with IgE when the IgE was 
generated to counter a different antigen.
The types and characteristics of allergens are discussed further in section 1.4.
1.3.2 Asthma
The condition we know today as “asthma” has been potentially recognised as a 
disease since 2698 BC (what is thought to be the first reported case). The term 
“asthma” itself was coined as far back as 480-375BC (de Week, 1997). A brief history 
of the earliest reported incidences of asthma is discussed in section 1.2.1. Our 
understanding of the nature and causes of asthma have undergone many changes 
through history as new research added to our overall understanding. A good history of 
these developments was given by de Week (1997). However, most of the key research 
into the mechanism of asthma has been performed over the last thirty years, over 
which time the disease has been generally described as:
“A condition characterised by wide variations over short periods o f time in 
resistance to airflow in intrapulmonary airways. ” (American Thoracic Society,
1962, Department of Health, 1995).
This is a fairly imprecise definition so, a more detailed definition has been proposed:
“Asthma is a chronic inflammatory disorder o f the airways, in which many 
cells play a role, in particular eosinophils, mast cells and T lymphocytes. In  
susceptible individuals, this inflammation causes recurrent episodes o f  wheezing, 
breathlessness, chest tightness, and cough, particularly at night and in the early
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morning. These symptoms are usually associated with widespread but variable 
airflow limitation that is at least partly reversible, either spontaneously or with 
treatment The airway inflammation also causes an associated increase in airway 
responsiveness to a variety o f s t i m u l i (Sheffer, 1992):
It is to be noted that although this definition was proposed in 1992, the original 
American Thoracic Society definition was still in use by the United Kingdom 
Department of Health in 1995.
Recent experimental work has proven that asthma is an inflammatory disease of the 
bronchi, brought about in general by the inhalation of common domestic allergens 
(Platts-Mills, 1995, Beasley, 1989, Bousquet, 1990, Kirby 1987). Asthma can be 
characterised by ten key points (Mygind, 1996c) as shown in table 1.4.
Table 1.4 -  Characteristics of Asthma
\ Asthma Characteristics ;VV _____
Patient demonstrates episodes of wheezy dyspnoea.
The patients’ airways demonstrate rapid narrowing or constrictions, which makes it harder to
breathe (more resistance to airflow).
___________There is a rapid change in lung function (reduction in peak flow)._____________
The occurrence of airway restriction and peak flow reduction are often at night or early in the
____________________   morning._____________________________________
Drugs such as beta2 agonists can significantly reverse the bronchial constriction.______
Significant reversal of the bronchial constriction can also be achieved by the use of certain
steroids.
Patients display many symptom-free periods.
There is a frequent occurrence of allergy.
_______________ Patients demonstrate inflammation.________________
Patients (especially adults) demonstrate bronchial hyper-responsiveness.
There are two main types of asthma (Fabbri, 1997):
Extrinsic Asthma -  This is most common in children and refers to asthma occurring 
in atopic subjects. Extrinsic asthma, as well as being associated with IgE production, 
is triggered by sensitisation to an external environmental factor (allergen). The 
association with asthma symptoms of a number of key domestic allergens has been 
well established (Platts-Mills, 1995). These include drugs (Szczeklik, 1997), dust
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mites (Report of International Workshop, 1989, Voorhorst, 1967, Van Bronswijk,
1971, Miyamoto, 1968), pollen (D’Amato, 1988, Negrini 1992, D*Amato, 1994) pet 
dander (Hendrick, 1975) & moulds (Mailing, 1986, Mailing 1986a). The association 
of environmental pollutants such as diesel particulates (Frew, 1997) and tobacco 
smoke (Shepherd, 1992, Squirrell, 1986) is also becoming clearer. It is true however 
that with all the possible sensitising agents to which an asthmatic may be allergic, the 
exact substance triggering an astlnna attack may not be easily identified.
Extrinsic asthma is also often associated with other atopic conditions such as rhinitis 
and eczema (Rees, 1995a).
Occupational asthma is one type of extrinsic astlnna, and is caused by a number of 
airborne sensitising agents in the workplace (Mygind 1996d). The important factors of 
this type of asthma are still somewhat unclear, despite the fact that occupational 
asthma is the most important form of occupational lung disease in many countries and 
is induced by over 250 known agents (Quirce, 1998).
Intrinsic Asthma -  This is asthma that occurs in non-atopic subjects or in cases where 
there is no known external environmental sensitising agent. It is most common in 
adults and is generally more persistent than extrinsic asthma. It can often be caused by 
exercise or emotion or stimulus of an irritant (not ail allergen) and is generally 
described by bronchial hyper-responsiveness. This is most noticeable in subjects older 
than 50 years, where the role of IgE in asthma becomes significantly less than in 
younger adults and children (Pollart, 1989).
The onset of asthma can be triggered by a number of simultaneous factors, for 
example allergens, pollutants, environmental factors & human behaviour. It is 
becoming recognised that, for the best management of asthma, all of these factors 
need to be considered (Beggs, 1995). It has also been observed that there is a higher 
prevalence of asthma among children and that approximately 50% of children 
“outgrow” their asthma (Grot, 1996). The precise reason for this is still unclear.
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Because of the nature of asthma and the numerous trigger factors and types, it is 
difficult to diagnose asthma specifically. Measurement of IgE or skin-priclc testing to 
demonstrate reaction towards common allergens will not diagnose all the cases of 
asthma. The most reliable methods rely on the fact that although the mechanisms for 
extrinsic and intrinsic asthma are different, the pathology and manifest symptoms are 
similar, especially with regards to the restriction of airflow. Thus, most diagnostic 
methods rely on the measurement of airflow limitation using, for example, peak flow 
meters (Rees, 1995b).
The mechanism of asthma has been the subject of numerous studies (Beggs, 1995, 
Bryant, 1984, Barnes, 1989, Platts-Mills, 1991, Lichtenstein 1993). This is described 
further in section 1.5.
1.3.3 Rhinitis <& Hay Fever
The term “hay fever” has been in popular use since the early nineteenth century and 
was derived from the observation that some people demonstrate a reaction towards 
hay and other agricultural products. In fact, hay fever is only one type of a broader 
class of disease called Rhinitis. Hay fever, or seasonal allergic rhinitis (seasonal 
allergic conjunct!vorhinitis) is a specific allergic disease towards pollens (Kay, 1997b, 
Lund, 1994).
The general definition of rhinitis has been agreed upon as (International Consensus 
Report, 1994):
“Rhinitis is defined as inflammation o f the lining o f the nose, characterised 
by one or more o f the following symptoms: nasal congestion, rhinonhoea, sneezing 
and itching; ”
There are three main classifications of rhinitis, depending on the cause (International 
Consensus Report, 1994, Maclcay, 1997):-
16
Allergic Rhinitis -  This type of rhinitis is directly triggered by allergen challenge to 
the nasal epithelium. The two types of allergic rhinitis can be classified depending on 
the type of allergen. Seasonal allergic rhinitis, as the name implies, occurs at 
particular times of the year. It is generally triggered by outdoor allergens, i.e. pollens 
and mould spores.
In the UK, the main aeroallergen season is between April and September. The types of pollen
and mould responsible for hay fever / seasonal allergic rhinitis are discussed further in 
section 1.4.4. Perennial allergic rhinitis occurs all year round and is most associated 
with indoor allergens. The key allergen sources are house dust mites and allergens of 
pet origin, though moulds can also be involved.
Infectious Rhinitis -  Again, there are two main types. Acute infectious rhinitis is 
caused by a wide range of viruses (with possible secondary bacterial infection). 
Chronic infectious rhinitis tends to be caused by specific organisms (such as in 
tuberculosis or syphilis).
Structural Rhinitis -  Caused by nasal polyps but not as a result of allergen challenge.
Other Types -  These include a number of unusual types of rhinitis, including 
occupational rhinitis (i.e. in response to specific noil-allergenic airborne agents in the 
workplace), hormonal rhinitis (during pregnancy) and idiopathic (vasomotor) rhinitis. 
The latter may be a reaction to strong smells (such as perfumes or solvents), to 
irritants (such as tobacco smoke or exhaust fumes) or to changes in environmental 
temperature and humidity (Mygind, 1986).
This study is focusing mainly on allergic rhinitis, and possibly also idiopathic rhinitis 
(i.e. conditions that are triggered by indoor allergens and pollutants).
. Diagnosis of allergic rhinitis is relatively easy (Kay, 1997b). In the case of seasonal 
allergic rhinitis, the subject will demonstrate a history of symptoms that re-occur at
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the same approximate time every year. Symptoms manifested include sneezing, runny 
nose, blocked nose, itching and streaming eyes. There can also be some associated 
wheezing during periods of high pollen count (seasonal allergic asthma). The 
diagnosis of rhinitis is usually confirmed by use of skin-prick testing with at least four 
common allergens.
A brief history of hay fever and rhinitis is given in section 1.2. However, unlike 
asthma, hay fever is a relatively recent disease in the historical record. An 
investigation of the prevalence since the early nineteenth century demonstrates that 
hay fever is increasing in prevalence (Emanuel, 1988). This is discussed further in 
section 1.7. It is notable that the average pollen counts are dropping and it has been 
theorised that the increase in hay fever is linked to increased environmental 
(atmospheric) pollution (Kay, 1997b).
It was for a long time thought that the symptoms of allergic rhinitis peaked between 
the ages of 10 and 30 and disappeared with age. This, however, has recently been 
brought into question and there is evidence that rhinitis is continuing later into 
adulthood (Danielsson, 1997).
The immune mechanism of Rhinitis is described in section 1.5
1.3.4 Skin-Related Diseases -  Eczema and Dermatitis 
Eczema and dermatitis both describe diseases that affect the skin (epidermis), and the 
two terms are generally used synonymously to describe the same general condition. 
However, where differences do exist, it is usually taken that eczema refers to a more 
precisely defined pattern of clinical and histological response, whereas dermatitis 
generally covers a broader range (Wilkinson, 1997).
The word “eczema” translates from the Greek “ekzein” as “to boil over” and refers to 
the sensation that the skin seems to be boiling.
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There are several types of eczema, or dermatitis (National Eczema Society, 1986):
Atopic Eczema (Atopic Dermatitis) -  This is largely hereditary (Diepgen, 1993) and 
is often linked with other atopic diseases such as asthma and hay fever. The two key 
symptoms of atopic eczema are dryness of the skin and itching. Secondary symptoms 
include inflammation and cracking of the skin. Where skin lesions occur, bacterial 
infection can set in and this is a fairly common side effect of eczema.
A generalised definition of atopic eczema can be linked with a more general definition 
given of other atopic diseases which states (Friedman, 1998):
“The atopic state is a generally determined capacity to make IgE  class 
antibodies to antigens that enter the body via the mucosal surfaces. This is 
associated, with allergies o f  the immediate type and the clinical syndromes o f  
rhinitis, asthma or atopic eczema, alone or in combination. ”
In the case of eczema, however, the antigens are entering the body via the epithelial 
cells, not the mucosal surfaces.
Atopic dermatitis is a chronic condition (Mygind, 1996e) similar to eczema, but 
relapsing. It is also generally predominant in children and has been described as. 
“weeping eczematous lesions characteristic o f infancy, as well as the more dry, 
lichenified, condition seen in childhood and adults” (Bruijnzeel-Koomen, 1997). 
However, there is no specific definition of atopic dermatitis and, by the nature of the 
disease, it is difficult to assign a simple diagnostic indicator.
In order to provide some kind of definition, clinical (symptomatic) criteria have been 
established (Hanifm, 1980). These have been split into major and minor 
characteristics and for a diagnosis of atopic dermatitis, the subject must demonstrate 
at least three from both lists. The criteria proposed by Hanifm et al are as follows in 
table 1.5:
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Table 1.5 -  Characteristics of Atopic Dermatitis
M ajor Characteristics
Pruritus.
Facial and extensor involvement in infants 
and children, flexural lichenification or 
linearity in adults.
Chronic or chronically relapsing dermatitis. 
Personal or family history of atopy 
(asthma, allergic rhinitis or atopic 
dermatitis).
M inor Characteristics 
Anterior neck folds.
Anterior subcapsular cataracts.
Cheilitis.
Course influenced by environmental / 
emotional factors.
D ennie-M organ infraorbital fold.
Early age o f  onset.
Elevated serum IgE.
Facial p a llo r /fa c ia l erythem a.
Food intolerance.
Ichthyosis /  palm ar hyperlinearity / 
keratosis pilaris.
Im m ediate (type 1) skin test reactivity. 
Im paired cell-m ediated immunity. 
Intolerance to wool and lipid solvents.
Itch when sweating.
Keratoconus.
N ipple eczema.
Orbital darkening.
P er ifo 11 icu lar accentu ati o n .
Pityriasis alba.
Recurrent conjunctivitis.
Tendency tow ards cutaneous infection 
(e.g. Staphylococcus aureus).
Tendency tow ards non-specific hand or 
foot dermatitis.
W hite derm ographism  / delayed blanching 
phenomenon.
Xerosis.
There are several key factors that can trigger both atopic eczema and atopic dermatitis 
(Mygind, 1996e):
1 -  Food intolerance (identifiable by the symptoms of rash around the mouth).
2 -  Mechanical skin irritation, for example, from certain textiles, especially 
wool.
3 -  Physical factors, for example heat and dust irritation.
4 — Sweating.
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5 -  Climatic factors, for example hot & humid or cold, dry weather.
6 -  Stress, the mechanism of which is still uncertain (Ehlers, 1994).
Atopic skin diseases are also connected with common allergen sources. Most people 
with atopic dermatitis demonstrate a positive skin-prick test towards the same 
inhalable allergens as do people with asthma and allergic rhinitis, as well as other 
allergens that are not presented via skin contact. Of key importance for atopic 
dermatitis are food allergens and house dust mite allergens.
The main sources of food allergen are cow’s milk, egg whites, peanuts, wheat and fish 
(Bruijnzeel-Koomen, 1997). This is true during childhood, in adults, where atopic 
dermatitis is less common; cow’s milk, egg white and fish are the main food allergen 
sources. The effect of dust mites on atopic dermatitis has been demonstrated through 
experimentation (Beck, 1989), especially when the subject is moved from an area of 
high dust mite exposure to one of low or no exposure (Sanda, 1992).
It has been observed that a key difference between subjects with atopic dermatitis and 
“normal” subjects, beyond the predisposition towards IgE production in their blood 
serum concerns the texture of the skin. Subjects with atopic dermatitis show defects in 
the epidermal layer, both in the upper layer and the lower lipid layer. This results in 
greater transdermal water loss and can also increase the entry of allergens into the 
epidermis (Linde, 1989).
As has been mentioned above, atopic dermatitis is prevalent among children and 
adolescents. In fact, the period of life can be demonstrated to determine the symptoms 
that a subject will manifest (Bruijnzeel-Koomen, 1997). The four key periods in the 
subject’s life are:
1 -  Early infant (3 months and older)
2 -  Childhood
3 -  Adolescent
4 -  Adult
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As with all atopic diseases, there is a trend over the last thirty years that the 
prevalence of atopic dermatitis and eczema is increasing. This is discussed further in 
section 1.7.
Contact Eczema (Contact Dermatitis) -  As the name implies, this type of eczema is 
directly caused by contact with the environment, and two thirds of the cases can be 
attributed to chemical irritants (Mygind 1996f). There are two main types of contact 
eczema (National Eczema Society, 1996), irritant and allergic. Irritant contact eczema 
is caused by general exposure to a wide variety of materials such as soaps, detergents, 
engine oils, hair dyes, cement dust and bleaches. Allergic contact eczema, on the other 
hand, is caused by a specific type of material, for example, nickel, chrome, or rubber 
(National Eczema Society, 1996).
There has been some attempt to give a definition to contact dermatitis (Wilkinson,
1992). By this definition (Wilkinson, 1997):
Contact dermatitis “refers to a broad range o f reactions o f  the skin following 
contact with external agents. These reactions may be immune or non-immune and 
they may be both inflammatory and non-inflammatory. ”
Seborrhoeic eczema -  This type of eczema again has two different manifestations, 
depending on the age of the subject (i.e. babies or young adults). It generally affects 
the oily parts of the body, including the regions around the scalp, face, groin and 
chest. Seborrhoeic eczema does not usually have any associated itching.
Discoid eczema -  This manifests as disc-shaped scaly patches, often severe enough to 
blister or weep. It usually affects the arms and legs only and is associated with itching.
Varicose eczema -  Only found in cases of elderly people or subjects with varicose 
veins.
This study will only be concerned with conditions that can occur as a result to 
exposure to domestic allergen or irritant sources, thus will only account for contact 
and allergic eczema / dermatitis.
1.3.5 Allergies, to animals
Animals have long been known to be a source of allergens, especially within the 
domestic environment (Kjellman, 1983, Popp, 1990). The main species that have been 
identified as producing sensitising allergens are cats and dogs, though rodents, rabbits, 
birds and other domestic pets can produce allergens that trigger a response (Ohman, 
1978).
The main source of contact with mammalian allergens is through respiration. The 
main disorders relating to these allergens are asthma (see section 1.2.2) and allergic 
rhinitis (see section 1.2.3), both atopic allergic conditions (Merrett, 1980). It has been 
demonstrated that atopic subjects demonstrate positive skin prick test reactions to 
allergens from animal sources (Hendrick, 1975). It has also been demonstrated that, 
within the common allergenic components of house dust, cat allergen and dog 
allergen are respectively the third and fourth most important domestic allergens 
behind mite allergen and grass allergen (Colloff, 1992). Of the animal-originating 
allergens, cat allergen is the most important and more sor than dog allergen (Murray, 
1983). In some regions, it is the predominant sensitising allergen, even 'more than the 
allergen of house dust mites (Croner, 1992). Sensitivity to the cat allergen Pel d 1 can 
be found in as many as 50% of atopic subjects (Linna, 1993, Ohman, 1977, Sarsfield, 
1976).
Presence of cats and exposure to their allergens has been demonstrated to increase the 
risk of sensitisation in children (Arshad, 1991, Warner, 1991) and even in adolescents 
(Suoniemi, 1981). The nature of the allergens will be discussed in detail in section 
1.4.5, however, one important fact is that cat allergens are found in areas where no 
cats have been present (Hide, 1997). This is as a result of the aerodynamic properties 
of the allergen and their transport on humans.
Because of their ubiquitous nature, cat allergens are a source of perennial symptoms. 
Even inhalation of very low levels of pet allergens can be shown to activate the 
allergic mechanism (Egmar, 1998) so sensitisation can occur practically anywhere 
that has had exposure' directly or indirectly to pet allergens.
The allergens associated with pets will be described further in section 1.4.5.
13.6 Allergies to insects
Aside from dust mites and cockroaches, which will be dealt with in separate sections 
(1.4.3 & 1.4.10 respectively), there are two main types of insect-related allergies. As 
this study is mainly concerned with the dominant indoor inhalable allergen sources, 
they will only be described briefly.
Stinging Insects:
Allergies towards stinging insects are caused by direct contact and injection of a 
complex mixture of biological active materials (called the venom) through a stinger. 
The most important stinging insects are the Hymenoptera, i.e. bees, wasps and hornets 
(Mygind 1996g) and the Formicidae or ants (Lintner, 1997).
Within the order Hymenoptera, there are two main families (Lintner, 1997):
Apidae (Bees) -  This family consists of the honeybee (Apis mellifera) and 
bumblebee (Bombus terrestris & Bombus impatiens). It is the honeybee that accounts 
for the majority of stinging incidents, though the use of bumblebees in some 
commercial greenhouses has lead to a recent rise in incidents. There is also a rise in 
chronic incidents relating to the Africanised honeybee (Apis mellifera scute data), 
especially mass attacks.
Vespidae (Wasps & Hornets) -  This family has three main sub-families, 
Vespula (yellow jacket), which is responsible for the majority of stinging incidents, 
Dolichovespida (aerial yellow jacket) and Vespa (hornets).
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The Apidae and Vespidae differ mainly in their size and habitat (Fischer, 1981). They 
also differ in that the Apidae tend to leave the stinger in the victim, whereas the 
Vespidae retain their stinger and can inflict multiple stings.
The primary source of ant stings comes from the Formicidae (fire ants), usually from 
Solenopsis invicta and Solenopsis richteri. There are other species that have been 
demonstrated to cause cases in localised geographical regions, for example 
Pogonomyrmex and Myrmecia.
The main reactions towards Hymenoptera stings are pain, erythema and swelling. 
Under normal conditions, these symptoms usually last for approximately 1-2 days. 
Symptoms directly around the area of the sting are generally taken to be a reaction 
towards the toxins within the venom but any reaction further away is assumed to be an 
allergic reaction. In some cases, the symptoms can be identified up to 10cm from the 
sting and last for several days. Allergic reactions occur equally in atopic and non- 
atopic people (Mygind 1996g).
As well as the allergic venom reaction, there can also be a more acute response to the 
venom, in the form of anaphylaxis, which can prove fatal.
Non-Stinging Insects:
There have been a number of non-stinging insects that have been demonstrated to 
produce allergens that can cause bronchial asthma and rhinitis. The main order are the 
Chironomidae (Liebers, 1997) or non-biting midges. There are several species of 
midge that have been connected with allergy, the most important examples are 
Diptera Chironomus thummi, and Chironomus yoshimatsui (Komase, 1997). 
Incidence of midge allergy is predominant in areas close to water, the main habitat of 
midges.
Moths, such as Bombyx mori and the Lepid.opt.era (butterflies) have also long been 
known to have the potential to result in asthma (Parlato, 1932).
1.3.7 Allergies to foods and drugs
There are many conditions caused by foods. Typically, they are chronic, non- 
infectious diseases of the intestinal tract such as inflammatory bowel disease (IBD), 
irritable bowel syndrome (IBS), eosinophilic enteritis and coeliac disease. The cause 
of all of these is unclear but it has been hypothesised that some may be caused by an 
allergic reaction to food antigens. Among patients with gastrointestinal diseases, 
studies have identified 14.4% as being potentially allergic reactions as defined by a 
number of criteria such as elevated or specific IgE. 3.2% of the total sample was 
confirmed by endoscopic allergen provocation (Bischoff, 1996). Although up to 5% 
of a population claim to be intolerant to certain foods, only a minority can be proven 
to be so (Mygind, 1996h). In general, the prevalence of food intolerance has been 
estimated at 1.4% in a general population (Young, 1994).
Food allergy is thought to develop in the first five years of life, when the immune 
system is immature and the mucosal membrane more permeable (Mygind, 1996h).
As well as many other types of reaction, food allergy can result in a number of Type 1 
reactions (Sampson, 1997):
Cutaneous - Urticara / angioedema
- Atopic dermatitis 
Respiratory - Rhino conjunctivitis
- Asthma 
Gastrointestinal -  GI anaphylaxis
- Certain infantile colic
- Certain allergic eosinophilic gastro-enteritis 
Systemic - Anaphylactic shock
- Food-dependent exercise-induced anaphylaxis
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Once they have penetrated the gastrointestinal mucosa, allergens are carried in the 
circulatory system to other target organs. Some allergens can also have a direct effect 
before entering the stomach, resulting in swelling of the lips and throat, (oral allergy 
symptoms). There are also adverse reactions towards foods that are non-allergic, such 
as pharmacological, metabolic or toxic reactions and non-specific food aversion 
(Blindslev- Jensen, 1998).
The incidence of reaction towards drugs is becoming increasingly common and the 
list of drugs towards which there have been cases of allergic reaction is very large 
(Pradal, 1997). Different types of drug can result in different reactions. The main 
types of drug reaction are summarised in table 1.6.
Table 1.6 -  Types of Allergic Drug Reaction
: Glassifical IqhA! , " ■ S S 3 J  Comments
Anaphylaxis Can manifest in almost every part of the body: cutaneous, 
respiratory, cardiovascular, digestive and central nervous 
system (e.g. vaccines).
Cutaneous Most drugs can cause pruritus; others can cause, for example, 
rashes, contact dermatitis, photodermatitis and fixed drug 
reactions (e.g. penicillin).
Pulmonary Can be caused by, for example, aspirin, [3-blockers, 
hydrocortisone and cocaine.
Hepatic Most drugs may cause acute or chronic hepatitis (e.g. 
paracetamol).
Iiaematological Drugs such as penicillin and phenylbutazone can cause adverse 
effects on the blood, such as immune haemolytic anaemia.
Renal -
Cardiac -
1.3.8 Ocular Allergy
The other main type of allergic disease relates to the eyes, specifically, allergic 
conjunctivitis which is usually linked with seasonal allergic rhinitis (Hingorani, 
1997).
There are different degrees of severity of ocular allergy. Seasonal allergic 
conjunctivitis (SAC) is the most frequent and mild condition, whereas atopic
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keratoconjunctivitis (AICC) and vernal keratoconjunctivitis (VKC) can be potentially 
blinding.
Conjunctivitis is usually caused by pollen but the principle symptom of itching is 
caused by histamine. This results in the secondary symptoms of redness and sore eyes 
by inducing the subject to rub their e}7es.
1.4 Types and Sources of Allergen
A recent review on denominated allergens listed 155 allergens from 84 species of 
vertebrate, invertebrate and plant (Liebers, 1996). There are more being discovered on 
an almost daily basis. In general, allergens are defined as antigens which demonstrate 
the initiation of an allergic reaction (Lowenstein, 1985)(antigens being any substances 
that triggers a cellular or humoral antibody response). The term allergen is used to 
specify the particular IgE mediated reaction so as not to confuse with the more general 
immunological responses that can be demonstrated that are not allergen-induced. 
Structurally, they are proteins or glycoproteins with a molecular size ranging from 
3000 to 80 000 Da, though the bulk lie between the range 10 000 and 40 000 Da 
(Lowenstein, 1985). (Note: Although 1 Dalton is the same as 1 atomic mass unit, it is 
common in the literature to express allergens in terms of Daltons so this convention 
will be used here). While there is much known about the nature of allergen molecules, 
it is still the case that our knowledge of what structural or functional features are 
important for an allergen is far from complete. In 1978, Professor Kjell Aas raised this 
question (Aas, 1978). Twenty years later, his question has still not been fully 
answered (Cromwell, 1997).
In the evaluation of allergens from domestic dust, the main sampling techniques are 
based on the collection of dust samples from various “reservoirs” within the home 
(Platts-Mills, 1997). It is common to express the amount of an allergen in terms of 
ng.g"1 of dust or pg.g"1 of dust, although it can be useful to express as a weight of 
allergen per unit area (Chapman, 1998). The actual collection techniques used by 
individual researchers tend to utilise “home-made” devices.
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1.4.1 Allergen nomenclature
In ail cases, the nomenclature of the allergens is made according to the accepted 
system proposed by the International Union of Immunological Societies (IUIS) Sub­
committee for Allergen Nomenclature in 1986 (Marsh, 1988). The system was put in 
place as a result of the increasing number of antigens that were being isolated at the 
time. Along with the rapid expansion of the field there was an associated plethora of 
naming systems and the IUIS acted to bring some order to the situation.
The nomenclature system that was proposed and accepted was designed to cover both 
highly purified allergens and also individual components of complex allergenic 
mixtures. A number of criteria were also laid down regarding the purification and 
isolation of highly purified allergens so as to bring some consistency between 
research laboratories and encourage an exchange of reagents and data. This was 
important as it was known that different extraction procedures resulted in different 
allergen extracts, depending on numerous factors such as source of material (part or 
whole organism), solutes and extraction times (Kauffman, 1985). It was very difficult 
to compare the results of such studies. For pure allergens, the general system proposed 
(and revised in 1994)(Te Piao King, 1995) was laid out as follows:
1 -  The source of the allergen (i.e. the organism from which the allergen is derived) is 
clearly identified by it’s accepted taxonomic name and any other necessary 
identification of it or it’s source.
2 -  Highly purified allergens designated by the first three letters of the genus 
{italicised)\ space; first letter of the species name (<italicised); space; an Arabic 
numeral. For example, Der p  1 refers to the Dermatophagoidespteronyssinus (a 
species of dust mite) allergen number 1. For species that have similar names, the first 
two (or more) letters of the species name can be used. (Note: By the original 1986 
system, Roman numerals were used to identify separate allergens).
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3 -  The numbering system will usually follow the order in which allergens were 
isolated, however, there are some exceptions to this rule. Major allergens are normally 
assigned the number one. Structurally homologous (but not necessarily cross-reactive) 
antigens from different species (e.g. Derp  & Derf) will be given the same number. 
These special rules sometimes result in gaps in the numbering system.
There are also special rules concerning isoallergens (molecules within an allergen of a 
single species that have close similarities in molecular size, identified biological 
function and 67%+ similarity in amino acid sequence) and variants. These are 
identified with an additional four numbers, the first two identifying the isoallergen, 
the second two the variant. Recent advances in the study of allergens are also creating 
the need for nomenclature systems for allergen genes and recombinant & synthetic 
peptides.
1.4.2 Overview of Domestic Allergens
Within the domestic environment, there are a number of potential sources of allergens
(Reed, 1985). There are many potential sources of allergens in the environment as a
whole and specific locations may be rich in particular allergens. Within normal house
dust, there are a number of components towards which atopic subjects react. These
components affect differing percentages of the atopic population, especially
asthmatics (Colloff, 1992). The approximate percentage of the atopic population (40%
- see section 1.3.1) reacting to common domestic allergens is as follows in table 1.7:
Table 1.7 -  Percentage of Atopies Reacting to Specific Allergens
Allergen Percentage of atopic Percentage of total
subjects showing reaction population showing reaction
(assuming 40% atopy)
Dust mite 50 -7 5 % 20 -  30%
Grass pollen 50 -  70% 20 -2 8 %
Cat allergen 35 -5 5 % 14-22%
Dog allergen 10-20% 4 -8 %
Tree pollen 10-20% 4 -  8%
Moulds 10-15% 4 -  6%
Foods <10% <4%
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This does not account for people who may be reactive to more than one allergen. The 
table below (table 1.8) outlines a few of the major allergens that may be found in a 
domestic environment. In each case, the originating species is indicates and potential 
location or source of the exposure (Liebers, 1996):
Table 1.8 — M ajor Domestic Allergens and their Origins
Aller gemDesigriat ionv y . y- ; y Orig iriatihRS peeies;-,, ,<7 Souree:ofEx|)osure
Gad c 1 Gadus callarias (cod) Food
F eld  1 Felis domesticus (cat) Cat Hair / House Dust
C a n f  1, C anf2 , C anf3 Can is familiaris (dog) Dog Hair / House Dust
Gal d I, Gal d .2 ,G ald3 , 
Gal d 4
Gallus domesticus (hen) Hen’s eggs.
Bla g  1 - 6 Blatella germancia 
(cockroach)
House Dust (mostly in 
USA)
D e r /U D e r /2 ,
D erf3
Dermatophagoides farinae 
(house dust mite)
House Dust
D erp  1 - 7 Dermatophago ides 
pteronyssinus (house dust 
mite)
Flouse Dust
Der rn 1 Dermatophago ides 
mi croc eras (house dust 
mite).
House Dust
Eur m 1 euroglyphus maynei (house 
dust mite)
House Dust
Par f \ Parapenaeus fissurus 
(shrimp)
Food
Cor a 1 Corylus avellana (hazel 
pollen)
Air / House Dust
B etv I, Bet v 2, 
Bet v 3
Betula verrucosa (birch 
pollen)
Air / House Dust
Ara h 1, Ara h 2 Arachis hypogea (peanut) Food
Lolp  1 - 1 1 Lolium perenne (rye grass 
pollen)
Air / House Dust
A s p f  1 Aspergillus fiimigatus 
(fungus)
House Dust
A l ta i Alternaria alternaria House Dust
Clah  1, Cla h 2 
Cla h 3
Cladosporium herharum 
(fungus)
House Dust
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The main source of exposure to domestic allergens comes through inhalation and 
research has demonstrated that the key inhalable allergens are carried on specific 
particle sizes. This also influences the “dwell time” in the air following disturbance. 
Airborne allergens are of particular importance in this thesis. The values for the main 
inhalable allergens are given in table 1.9 below (Chapman, 1998):
Table 1.9 — Particle Size and Airborne Dwell Time of M ajor Dust
Allergens
Allergen ngin'3 in ngm'3 in disturbed Particle size References
undisturbed air (20-40 rnin.) pm
air
D erp  1 <0.2 30-90 10-40 De Blay, 1991
Der p  2 <0.2 13-26 >10(80%)
F eld  1 6-17 117-212 >5 (75%) Luczynska, 1990 /
<3 (25%) Wood, 1993
C a n fl 1-99 not determined >9 (50%) Custovic, 1997
>5 (20%)
Bla g  1 <0.01 6-200 >10 Mollet, 1997/
Bla g 2 <0.01 6-200 >10 de Blay, 1997
A more detailed description of the general sources of allergens is given in the 
following sections.
1.4.3 House Dust Mite
Mites are related zoologically to spiders and are thus arachnids. Although there are 
over 30 000 identified species (Lehtinen, 1985) and probably many more actual 
species, there are only a few that are important with regards to human allergic disease. 
Mites differ from their cousins the spiders in that not all mites are predatory. Some are 
herbivorous, fungivorous, algivorous, saprophagous, coprophagous and even parasitic. 
They have each adapted to a specific environment. The main order describing mites, 
Aracina splits into three lower orders and further splits into eight groups. The 
common house dust mites fall into the order Anacdnotrichida. This is a very broad 
order in which the individual species vary greatly on size, feeding habits and
appearance. The dust mites linked with allergies are all part of the genus Acaridida, 
which are mostly minute, whitish mites with long hairs and no trachea. One key 
characteristic of this group is their tendency to inhabit indoor environments.
The role of mites in house dust allergy was first recognised in 1964 in Holland 
(Voorhorst, 1964). This is surprising given that house dust itself was known to be a 
source of allergen as far back as the early 1920’s (Cooke, 1922, Kern, 1921).
It is now known that the majority of the dust mite allergen is as a result of two 
species, Dermatophagoides pteronissynus (Dp) (literally translated from the Greek as 
“skin-eating feather mite”) and Dermatophagoides far inae (Df). However, there are 
two other species, Euroglyphus maynei and Dermatophagoides microceras that are 
important in localised geographical areas (Mygind 1996i). Dp is most usually found in 
northern Europe, New Zealand and Australia whereas Df mostly found in North 
America and Central Europe (Mosbech, 1985). However, both species can usually be 
found in some proportion in most areas. For example, in the UK, the dominant species 
are D. pteronyssinus and E. maynei. (Coiloff, 1992), although A. maynei accounts for 
up to 33% of the total number of mites (Medical Research Council Institute for 
Environmental Health, 1996). #
House dust mites feed on the micro-fungi, yeasts and bacteria that grow on shed 
human skin cells (Arlian, 1989). Although very resistant to climatic change, they are 
affected by adverse changes in temperature and humidity. As temperature drops, 
mortality and life cycle duration increases, while egg production and population 
grown declines (Coiloff, 1987). The optimum conditions for dust mites are between 
290-305 IC (17-32°C) and 55-80% RH (Mygind, 1996i, Arlian, 1981).
The life cycle of dust mites, although dependent on temperature and humidity as 
mentioned above, lasts for about ten weeks. Under optimum conditions, D,
. pteronyssinus can mature from egg to full adulthood in about 3-4 weeks (Lebrun,
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1991). Once mature, the adult lives for about six weeks, during which time the 
females can produce up to 100 eggs (Lebrun, 1991, Arlian, 1981).
The dust mite allergens associated with allergic disease have been demonstrated to 
originate with the faecal pellets of the mites (Tovey, 1981). The main allergens have 
been identified as digestive enzymes, such as proteases and amylases (Stewart, 1989, 
Lake, 1991, Stewart, 1992).
The most important allergen is the Devp I. It has been identified as a glycoprotein 
with a molecular weight of 24 000 Da (Chapman, 1980). When the genetic structure is 
cloned, it’s genetic sequence is found to be homologous to a cysteine protease (Platts- 
Mills, 1997a).
The size of dust mite faecal particles and their subsequent airborne characteristics is 
shown on table 1.9. It was originally thought that as the allergen particles are fairly 
large they would not present much of an issue in the air. This meant that the main area 
for exposure would be in bedding where the subject is in close contact to the mites. 
However, more recent studies have shown significant airborne concentrations of mite 
allergen (Swanson, 1989). It has been suggested (Platts-Mills, 1997) that a level of 
dust mite allergen >2pg.g'‘ in household dust is sufficient to bring on sensitisation and 
that levels above lOpg.g'1 are sufficient to bring about more acute symptoms. This is a 
generalisation and it does depend on the sensitivity of the individual.
1.4.4 Polien
Pollen is the name given to the male sexual reproductive cells of plants (Seargent 
1997a). They are produced on structures called the anthers and distributed 
(pollination) by a number of methods. Some pollens are sticky and are distributed on 
insects or animals. These do not demonstrate any significant airborne concentration so 
do not tend to be connected with allergic disease, which is almost exclusively 
connected with airborne allergens. Thus, for a pollen to have the potential to trigger an 
allergic response, it must be of the kind that is wind-dispersed. These pollens are very
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small, powdery and generated in vast numbers. They are designed to be aerodynamic 
and can spread for hundreds of miles from the source plant. This still leaves a large 
number of plants that disperse pollen into the air. The following table (1.10) shows 
the common species found in the United States that have been linked with allergic 
disease (Seargent 1997b):
Table 1.10 Allergenic Plants in the United States
. Species A
■ .. •' • x '  " A ?
Common Name | Pollen Season
7€ A.. - • >7 7 ' ' - A
Av Alldr genic 
UrUSeventy
Shrubs
Artemisia spp. Sagebrush, Wormwood, 
Mugwort
July-Sept High
Atriplex spp. Saltbrush July-Sept Med.-high
Ceanothus spp. Ceanothus, New Jersey Tea, 
Snowbrush
Apr-May Med.
Crysothamnus Rabbitbrush, Chamisa Aug-Oct High
spp.
Cortaderia sellona Pampus grass Aug Low
Hymenoclea spp. Burro Brush Apr & Sept High
Juniperus spp. Juniper, Mexican Cedar, 
Mountain Cedar
Mar-Apr Med.-High
Ligustrum spp. Privet Jun-Aug Med.
Pennisetum Fountain Grass Aug-Sept Low
setaceum
Phalaris Canary Grass Jun-Aug Low
amndinacea
Sambucus spp. Red, Blue, American 
Elderberry
May-July Low
Syringa spp. Lilacs May-July Med.
Trees
Acacia spp. Acacias Apr-May Med.
Acer spp. Maples Mar-Apr Low-Med.
Aesculus spp. Buckeye, Horsechestnut May-Jun Med.
Aiianthus Tree-of-Heaven Jun-July Low-Med.
altissima
Ainus spp. White Alder, Thinleaf Alder Mar & Jun Med.
Betula spp. White Birch, Water Birch Mar & Jun Med.-High
Calocedrus Incense Cedar Apr-May Med.
(Libocedrus)
decurrens
Chamaecyparia Port-Orford Cedar, Lawson May Low
lawsoniana 
Cupressus spp.
Cedar
Arizona, Monterey, Sargent, Feb Med.
Fraxinus spp.
Piote, Macnab, Modoc, 
Gowen, Italian Cypress 
Ash Mar-Apr Low-Med.
Juglans spp. Walnut Apr-Jun High-V. High
Liquidanibar Sweet Gum, Liquidanibar Mar & May Low
styraciflua
Morus spp. Red Mulberry, Texas Mar-Jun High
Olea europaea
Mulberry
Olive Mar-May High
Platanus spp. Sycamore Apr-May High
Populus spp. Cottonwood, Aspen, Poplar Apr-May Med.
Prosopis spp. Mesquite Jun-July High
Primus dulcis Almond Feb-Mar High
Quercus spp. Oak Mar-May Low-Med.
Rliamnus spp Buckthorne, Coffeeberry Mar-May Low-Med.
Salix spp. Willow Mar-July Low
Schinus molle California Pepper Apr-May Low
Tamarix spp. Tamarisk Apr-Jun Med.
Thuja occidentalis Arbor-Vitae Mar-May Low
Thuja picata Western Red-Cedar Apr-May Med.
Ulmus spp. Elm Mar-May & Oct Med.-ITigh
Weeds and 
Grasses
Amaranthus spp. Pigweed, Redroot Pigweed, .Tun-Sept High
Ambrosia spp.
Prostrate Pigweed 
Short, Tall, Giant, Western July-Sept Fligh
Avena fatua
Ragweed 
Wild Oat May & Aug Med.-High
Bromus spp. Brome Grass Jim Med.-High
Clienop odium Lamb’s-Quarters Aug-Sept Med.-ITigh
spp.
Cynodon dactylon Bermuda Grass Apr-0 ct Very High
Dactylis Orchard Grass, Cock’s-Foot Jun-Aug High
glomerata 
Holcus lanatus
Grass 
Velvet Grass July Med.-High
Lolium spp. Ryegrass Jun-Aug Med.-Fligh
Plantago English Plantain, Buckhorn Jun-Aug Med.-ITigh
lanceolata
Rumex acetosella Sorrel, Dock Jun-Aug ■ Med.-High
Salsola Kali Russian Thistle, July-Sept Med.-High
Sorghum
Tumbleweed 
Johnson Grass July-Sept High
halepense
Trifolium spp. Clover Apr-Sept Low-Med.
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Xanthium spp. Cocklebur Aug-Nov Med.-High
Flowers
Amaranthus spp. Amaranthus Jun-Aug Low
Chrysanthemum Mums, Feverfew, Shasta Jun-Sept Low
spp- Daisy, Dusty Miller
Dahlia spp. Dahlia Jun-July Low
Helianthus annuus Sunflower May-July Low-Med.
Rudbeckia hirta Black-Eyed Susan July-Sept Low
Zinnia spp. Zinnia Aug-Sept Low
1.4.5 Animal allergens
As has already been discussed briefly in other sections of this thesis, there are a 
number of animals that have been demonstrated to induce allergy in humans (Ohman, 
1978). By the rules of nomenclature laid out (Te Piao King, 1995), the key animal 
allergens in the domestic environment are (Liebers, 1996):
Animal Latin Name Allergen
Cat Felis domesticus F e ld  1
Dog Canis familiaris Can f  1
Mouse Mus musculctris Mus m 1
Rat Rattus norweghis Rat n 1
Guinea Pig Cavia porcellns Cav p  1
Rabbit Oryctolagus cuniculus Ory c 1
The main two sources of domestic animal allergens are dogs and cats (Vanto, 1985, 
Kjellman, 1983), with cat allergen being the most important (Cromwell, 1997) and it 
is towards these that attention here will be focused. Exposure to pets is not 
unexpected as the keeping of dogs, cats and other furred mammals is widespread 
across the Western world (Schwartz, 1985) and even if people do not themselves own 
pets, they may be in regular contact with animals.
Cat allergens -  The cat allergen Fel cl 1 comes mainly from the mucous salivary 
glands and hair roots (via the sebaceous glands) of the cat (Bartholome, 1985). Within 
these extracts, there are at least twelve antigenic materials (Lowenstein, 1985a), 
though Fel. d 1 is the most important. Extracts of other tissues and fluids of the cat
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demonstrate antigens (Anderson, 1981 & Ohman, 1982) but they do not show the 
presence of Fel cl 1. They are also minor antigens in comparison. It was thought that 
the presence of Fel d  1 in saliva and on the pelt could be explained by the fact that it 
was transferred to the pelt during licking (Didierlaurent, 1984). However, subsequent- 
work has shown that there is evidence that Fel d  1 is produced in the sebaceous glands 
and that the presence on the pelt is not entirely as a result of the transfer of saliva 
(Brown, 1984).
Fel d  1 has been extensively analysed (Brandt, 1973, Guerin, 1981, Stokes, 1975) and 
shown to be a protein with a molecular weight of 32 000 Da and an isoelectric point 
of 3.8. However, unlike many other allergens, Fel d  ldoes not show any genetic 
sequence homology with a known enzyme or enzymatic molecule (Platts-Mills, 
1997a).
Cat allergens are released on the dander, and an individual animal may shed a 
considerable amount. Studies have shown that two cats can shed between 0.1 and 
0.33g of hair and dander every day (Colloff, 1992, Luczynska, 1990). The major 
allergen is carried on particles which are generally >17pm in diameter, although there 
is a significant proportion (<15%) that is carried on very small particles, less than 
4pm (Wood, 1993). Neither the allergen level or particle size distribution is 
significantly affected by ventilation.
Cat allergens are found in places where there are no cats present (Munir, 1993, Munir, 
1995, Wood, 1988). Such studies have, in some regions, identified cat allergens as the 
major allergens in areas such as schools (Dybendal 1994, Dybendal 1989a, Dybendal 
1989b, Dybendal 1991, Dybendal 1992). It has been suggested that one source of 
distribution of the allergen is on peoples clothing following direct contact (Enberg,
1993) and other indirect mechanisms (Munir, 1994). The levels in these areas can be 
significant and high enough to cause perennial symptoms of asthma and rhinitis 
(Munir, 1993). The level of cat allergen found in public places has been shown to be 
somewhere in between the level that is found in domestic environments with pets and
domestic environments without pets (Dreborg, 1995). Although cat allergens are not 
generally the most sensitising domestic allergen, there are countries where it is the 
most dominant antigen (Croner, 1992). The relative importance of cat allergen in 
comparison to other domestic allergens seems to depend on the region (Munir, 1995a, 
Warner, 1990). Cat allergens dominate in regions which are relatively colder and less 
humid (i.e. conditions that do not favour the proliferation of dust mites). It has been 
observed that certain environmental conditions favour the presence and circulation of 
Fel d 1 (Munir, 1995a, Munir, 1994a):
Low ventilation
Carpeting in the home
W inter (cats tend to spend more time in the house (M unir, 1993a))
Cold
Low Humidity (high humidity can facilitate settling (Hanel, 1977))
It is also observed that the level of Fel d 1 is highest in the living room, as compared 
to the kitchen and bedrooms (Munir, 1994a).
A number of methods have been investigated to reduce the overall amount of airborne 
cat allergen present in an environment but none have been demonstrated to be entirely 
effective. Increased ventilation does not significantly affect the overall airborne 
concentration (Wood, 1993), vacuum cleaners can result in an overall increase in the 
airborne concentration, even if they are fitted with HEP A filters (Munir, 1994, 
Woodfolk, 1993, de Blay, 1998). Removal of soft furnishings such as carpet and 
fabric-covered furniture can reduce the reservoir of cat allergen as will regular 
cleaning (Munir, 1996), however, neither fully eliminate the problem. Other control 
methods have focused on the cat itself, where cats are present in the environment. 
Washing the cat regularly, to constantly remove the Fel d 1 from it’s pelt can be 
demonstrated to reduce the overall level of Fel d 1, but often the reduction is not 
significant and tire overall levels remaining are still sufficient for sensitisation (De 
Blay, 1991). Removal of the cat entirely will have some effect (Wood, 1989) but in 
areas where pets have been removed, significant levels of allergen can still be detected
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5 - 1 0  years later (Egmar, 1993, van der Brempt, 1991). Allergens have been detected 
in all parts of the house, including wall surfaces (Wood, 1992).
Chemical treatments have been evaluated to reduce the allergenic potential of cat 
allergen. However, the classical denaturant treatment, tannic acid, is only effective on 
a very short-term basis (Woodfolk, 1995) and in areas of high background Fel d  1, it 
can be almost totally ineffective (Woodfolk, 1994). More general cleaning methods 
have been evaluated but these also prove to be of little overall effect (Dybendal,
1990). Because of the ubiquitous nature of cat allergen, exposure in a subject can be 
difficult to detect. Subjects may, by clinical history, have no direct contact with pets 
but still be exposed to clinically significant levels of their allergens (Braso-Aznar, 
1995).
There are a number of techniques used to collect and analyse cat allergens. Collection 
is usually performed using either a vacuum cleaner or a high volume air sampler 
(Luczynska, 1990, Swanson, 1985). Low volume air samplers have been shown to be 
ineffective for short-term assay purposes as they do not collect a sufficiently large 
sample (Sakaguchi, 1993). They can be used when monitoring over a longer period, 
for example two weeks (Oliver, 1995). Longer-term sampling can also be done using 
gravity techniques such as settling on a petri dish (Oliver, 1995). Specialised 
techniques such as immunogold labelling can be used to demonstrate the presence of 
cat allergens on dust particles, and demonstrate that they often stick to such particles 
rather than circulate as discrete entities (Ormstad, 1995).
The analysis of the Fel d 1 itself, in terms of allergenic potential, is performed using 
an immunoassay technique (see section 1.6.4). Such techniques require a minimum 
sample size so it is often difficult to measure from hard surfaces where the sample 
size is minuscule (Munir, 1995). Using such techniques, the amount of Fel d  1, 
expressed in ng.g"1 or pg.g'1 can be recorded. Numerous papers have recorded the 
levels of Fel d 1 in a number of domestic and non-domestic situations. These are 
summarised in table 1.11 below:
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Table 1.11 -  Reported Fel d 1 Levels
L o ca tio n Fel d  1 level (m ed. =  
m edian)
R eference
Day care centre (before renovation) 140 ng.g"1 Munir, 1996
Day care centre (immediately after 
renovation)
25 ng.g'1 Munir, 1996
Day care centre (1 year after 
renovation)
16 ng .g1 Munir, 1996
1600 ng.g"1 Munir, 1995
Day 0 80-329 ng.g'1 (med. 215) Munir, 1994
71-542 ng.g-1 (med. 442)
83-2089 ng.g'1 (med. 826)
132-929 ng.g"1 (med. 482)
Day 7 105-406 ng.g"1 (med. 349)
46-505 ng.g'1 (med. 117)
77-2301 ng.g-1 (med. 791)
146-813 ng.g'1 (med. 394)
Day 21 111-379 ng.g'1 (med. 275)
26-372 ng.g"1 (med. 169)
123-2023 ng.g'1 (med. 834)
107-536 ng.g"1 (med. 214)
Day 35 102-348 n g .g1 (med. 272)
78-401 ng.g"1 (med. 189)
78-2061 ng.g*1 (med. 883)
60-471 ng.g'1 (med. 138)
16-3120 ng.g"! (mean 459) Munir, 1993 a
<16 ngg"1-22.8 |ig.g_l (med. 1.6 
Pgg'1)
Munir, 1995
3.35 pg.g'1 (mean) Braso-Aznar 1995
Carpeted floor school 3275 ng.g"1 (mean) Dybendal, 1994
Carpeted floor home 336 ng.g"1 (mean) Dybendal, 1994
Smooth floor school 64 ng.m"2 Dybendal, 1994
Smooth floor home 283 ng.m"2 Dybendal, 1994
Sweden homes 16-28000 ng.g-' Munir, 1994a
Home 877 ng.g"1 (med.) Munir, 1995a
School 972 ng.g'1 (med.) Munir, 1995a
Day care centre 1633 ng.g"1 (med.) Munir, 1995a
Casella sampling 0.4 ng.m"3 Oliver, 1995
Petri dish 2.51 ng.d"1 Oliver, 1995
Home -  Carpet 270 ng.g"1 (mean) Custovic, 1994
School -  Carpet 620 ng.g"1 (mean) Custovic, 1994
Pub -  Carpet 860 ng.g"1 (mean) Custovic, 1994
Hotel -  Carpet 990 ng.g"1 (mean) Custovic, 1994
Cinema -  Carpet 1150 ng.g"1 (mean) Custovic, 1994
Home -  Upholstered Seat 1260 ng.g'1 (mean) Custovic, 1994
Pub -  Upholstered Seat 21540 ng.g"1 (mean) Custovic, 1994
Hotel -  Upholstered Seat 6360 ng.g"1 (mean) Custovic, 1994
Cinema -  Upholstered Seat 24500 ng.g"1 (mean) Custovic, 1994
Public Transport -  Upholstered Seat 14730 ng.g"1 (mean) Custovic, 1994
Home -  Mattress 350 ng.g*1 (mean) Custovic, 1994
Hotel -  Mattress 1160 ng.g"1 (mean) Custovic, 1994
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It has been established that the threshold level for Fel d 1 to induce an atopic response 
is between 8 ng.g'1 (i.e. 8qg o f Fel d 1 per l.Og dust) (Platts-Mills, 1995) and lOqg.g'1 
(Pollart, 1988). For sensitisation, the limit has been set between lp-g.g"1 (Chapman, 
1995) and 2pig.g'1 (Pollart, 1988). Thus, there is a clear understanding of the dose of 
Fel d. 1 that can trigger, for example, asthma (Van Metre, 1986).
Dog allergen -  Much that can be said for cat allergens is also true for the dog allergen 
C a n fl .  It is ubiquitous in nature and found in areas where no dogs are present 
(Egmar, 1993, Munir, 1993) and can be found in sufficient quantities to cause 
perennial atopic conditions (Wood, 1988, Vanto, 1983).
The allergen Can f  1 has been identified as a protein of size 25 000 Da (Chapman,
1995). Up to 24 antigens have been identified by various techniques from dog extracts 
(Uhiin, 1984). As with cats, dog saliva is the main source of allergens and urinary 
extracts show weaker allergenic activity (Vanto, 1985). It was originally thought that 
the allergens associated with dogs were not breed-specific (Blands, 1977) blit there is 
now some evidence that this may not be the case and that different breeds may indeed 
show breed-specific allergens (Lindren, 1983).
Dog allergens are collected in the same way as cat allergens (as reported above) and 
analysed using a variety of immunological techniques (Schou, 1991) including 
electrophoresis (Blands, 1977). The level reported to lead to IgE sensitisation is 
greater than that for Fel d 1. C a n fl  is required at a level greater than 10 ng.g'1 to 
cause a reaction (Chapman, 1995). As with Fel d 1, a number of papers have reported 
Can f  1 levels in a number of environments. Some are summarised below:
Table 1.12 -  Reported C a n f l  Levels
Location Can f  l  level (med, = median) Reference
Day care centre (before 
renovation)
484 ng.g"' Munir, 1996
Day care centre (immediately after 
renovation)
38 ng.g 1 Munir, 1996
4300 ng.g"1 Munir, 1995
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DayO 122-730 ng.g'1 (med. 498) Munir, 1994
<60-602 ng.g'1 (med. 393) Munir, 1994
822-3539 ng.g'1 (med. 2517) Munir, 1994
48-495 ng.g'1 (med. 115) Munir, 1994
Day 7 vacuuming 123-763 ng.g"1 (med. 445) Munir, 1994
<60-611 ng.g'1 (med. 349) Munir, 1994
749-5068 ng.g'1 (med. 3689) Munir, 1994
115-537 ng.g"1 (med. 467) Munir, 1994
Day 21 164-778 ng.g'1 (med. 480) Munir, 1994
<60-873 ng.g'1 (med. 423) Munir, 1994
1285-8588 ng.g'1 (med. 6712) Munir, 1994
87-558 ng.g'1 (med. 168) Munir, 1994
Day 35 138-957 ng.g'1 (med. 318) Munir, 1994
37-692 ng.g'1 (med. 261) Munir, 1994
1288-8201 ng.g'1 (med. 6221) Munir, 1994
122-465 ng.g'1 (med. 228) Munir, 1994
<60 ngg'1-21j.igg'1 (med. 4.3ji gg'1) Munir, 1995
Sweden homes 60-866000 ng.g'1 Munir, 1994a
Home (Norway) 1192 ng.g'1 (med.) Munir, 1995a
School 3904 ng.g'1 (med.) Munir; 1995a
Day care centre 4265 ng.g'1 (med.) Munir, 1995a
Rodent allergen -  Both the major mouse {Mns m 1) and rat {Rat n 1) allergens are 
proteins of 19 000 Da (Smith, 1995). The main respiratory allergen seems to come 
from the urine (Newman Taylor, 1977). The usual technique used to measure rat 
urinary allergen is the RAST inhibition test (Gordon, 1994). This technique will be 
described further in section 1.6.2. Rat allergens have also been demonstrated to be 
airborne in the domestic environment (Platts-Mills, 1986).
Bird allergens -  There are a number of sources of allergens from birds (Vanto, 1985) 
but most seem to be from the feathers, skin epithelium, saliva and uropygial glands 
(Marks, 1984). Allergy towards feathers has been identified but is relatively rare 
(Kilpio, 1998).
1.4.6 Mould & Fungus Allergens
It has been estimated that the prevalence of allergy towards mould and fungus 
allergens ranges from 2-30% in an allergic population (Gravesen, 1985).
The allergens are present on the released reproductive spores, which may become 
airborne and which can range in size from 2.5 -  100 microns (Lacey, 1997). The level
43
of spores in the air will depend a lot on the environmental factors within a home, but 
the most favourable conditions are to be found in older houses at high humidity (or 
with damp) and inadequate ventilation (Godish, 1996, Peat, 1998). Damp has been 
linked with an increase in respiratory symptoms and increased sensitivity not only to 
moulds but also dust mite allergens (Verhoeff, 1995). They grow on, most commonly, 
rotting wood or dead biological material. Fungi demonstrate daily and seasonal peak 
trends. There tends to be a peak for many fungi around noon when the temperature / 
humidity has reached a peak and there is often a seasonal peak in rural areas 
corresponding to crop growth cycles.
There are a number of species that have been identified as resulting in an allergic 
response but the key ones are Aspergillus fumigatus, Cladosporium herb arum > 
Penicillium notatum and Alternaria alternata (Li, 1995). Spores are usually collected 
using air samplers e.g. the Anderson sampler (Verhoeff, 1992) and collected onto a 
culture medium. Amount of fungus is expressed in terms of colony forming units 
(cfu’s) per unit area of growth medium or number of spores per cubic meter. Under 
natural conditions, it is not uncommon to find numbers in the region of 100 000 
spores per cubic meter in the air (D’Amato, 1995).
Once again, the allergens are glycoproteins ranging from 13 000 Da for Cla h Ito 
about 50 000 Da for Alt a 1. Recent work has demonstrated that there may be 
common antigenic components among a number of species of fungus (Verma, 1995). 
However, the measurement and standardisation of mould allergens is behind that of 
the other sources of allergen so the precise role they play in respiratory allergy is still 
not fully understood.
1.4.7 Insect allergens
For stinging insects, such as the Plymenoptera, the venom within the sting contains a 
complex mixture of biologically active materials such as enzymes (phospholipase A, 
hyaluronidase), peptides (melittin) and biogenic amines (histamine) (Mygind, 1996g). 
The peptides and proteins are classed as allergens; the other materials are classed as
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toxins. Melittin is the main allergenic material within the venom. Venoms from the 
different species of honey bee have been examined for their biochemical differences 
as a result of the recent increase in cases of attack by the Africanised honey bee 
(Schumacher, 1992).
For midges, a number of haemoglobin-based allergens have been isolated (Baur,
1992). There are at least nine allergens identified from the species Chironomus 
thuinmi, Chi 1 1-9.
1.4.8 Food and drug allergexis
The understanding of food allergies has always been complicated by the fact that most 
food antigens are generally broken down by stomach acids and enzymes. Antigens 
surviving this also face the barriers of the gastrointestinal mucosa and epithelium as 
well as secretary antibodies (IgA). The nature of food allergens is still poorly 
understood but a number of general criteria have been outlined to describe the general 
properties of a food allergen (Lehrer, 1997):
© The material stimulates an IgE response.
© The molecule is stable.
© The original food is common within a given region.
© The allergen molecule is multivalent.
© The molecule has a molecular weight of 10 000 -70 000 Da.
© The molecule does not demonstrate any consistent biological activity.
Only a few food proteins are known allergens, many of these being storage proteins, 
for example from soybean (Henan, 1990). What does seem to be clear is that 
sensitising foods are usually those that are ingested frequently. Many foods have been 
identified as having association with food allergies (Lehrer, 1997, Mygind, 1996j), the 
most important being:
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Cow’s Milk:
There have been over 20 proteins identified but the main ones in terms of allergic 
reaction are (Savilahti, 1991, Savilahti, 1992):
(3-lactoglobulin bovine serum albumen immunoglobulins
a-lactalbumin casein
(3-lactoglobulin, one of the most important allergens, is resistant to heat so can still be 
active even after cooking.
Hen’s Eggs:
The main allergen molecules are found in the white of the egg (Cresps, 1994). A 
number have been extensively studied and characterised:
Gal d 1 -  Ovomucoid (also resistant to heating) Gal d 2 -  Ovalbumin
Gal d 3 -  Ovotransferrin (conalbumin) Gal d 4 -  Lysozyme
There are also some materials that are found in the yolk of the egg that have been 
connected with allergic disease, such as phosvitin and livetins (Anet, 1985).
Fish / Shellfish:
There have been a number of allergens relating to seafood identified:
Gad c 1 (cod) (Aas, 1975)
Lobster
Met e 1 (Metapenaeus enis 
Crawfish 
Squid
Pen a 1 (brown shrimp) (Daul, 1991) 
— greasy back shrimp).
Limpet
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Peanuts:
Peanuts and other legumes have numerous allergenic components (Barnett, 1983), two 
of which have been characterised under the nomenclature Ara h 1 (Burks, 1991) and 
Ara h 2 (Burks, 1992).
Cereals:
Wheat, com, rye, barley and rice have all been connected with allergy and certain 
gastrointestinal conditions such as gluten enteropathy (coeliac disease).
Drugs:
As has been discussed, section 1.3.7, almost every drug or vaccine can potentially 
induce an allergic reaction, though the frequency of incidence for most drugs is very 
low. Penicillin is of particular note as it is the most frequent cause of anaphylaxis.
1.4.9 Gaseous and particulate chemical pollutants 
The sections above have described the nature of a number of specific allergen sources 
but there are other respirable particles and substances that may not class as allergens. 
There is evidence that these pollutants can still result in adverse health effects and 
even contribute to diseases such as asthma (Department of Health, 1995a & 1997, 
Edwards, 1994, Moscato, 1995, Rusznak, 1994). More commonly, these pollutants 
have a more direct health effect which is non-allergenic, and can lead to pulmonary 
function changes (Yang, 1994), sensitisation of the airways and inflammation of the 
skin and mucous membranes (Crump, 1997). Investigation of the effects of pollutants 
has been complicated by the fact that multiple pollutants may act synergistically 
towards the onset of health effects (Schwartz, 1994, Xu, 1998). Pollutants come in 
two distinct forms, gaseous (chemical) pollutants and particulates.
Gaseous pollutants:
There are numerous types of gaseous pollutant and die sources of emission are equally 
diverse. The table below (table 1.13) lists some of the key pollutants and their primary 
sources:
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Particulate pollutants:
Particles in the air form an aerosol and the length of time they remain in the air is 
dependent largely on their density and particle size. Airborne particles fall into two 
main categories (WHO, 1984):
Dusts: Dispersion aerosol produced by the subdivision of solid materials through 
mechanical action.
Smokes: Very fine particles usually formed by the burning of carbonaceous particles.
The particle size of the airborne particles varies depending on the material and source. 
Generally, however, smoke particles are less than 1 pm in diameter whereas dusts tend 
to be from 1 - 1 00pm.
For example, tobacco smoke has a range of 0.5 -  0.01pm (compared to pollen which 
ranges from about 10 -  100pm).
Health effects of airborne particulates (not including pollen grains) has indicated that 
the main particles of concern are those that have a diameter less than ten microns 
(Choudhury, 1997) which are given the descriptor PM10, i.e. particulate matter with a 
diameter of less than 10 microns. It is also customary to measure PM2 5 particles. It has 
been demonstrated that these particles can enter the thoracic region of the respiratory 
tract (i.e. the bronchus and bronchioles) (Spumy, 1996). The particles often carry 
other chemical materials (Knox, 1997), which pass through the mucous membrane 
and trigger the health effects that manifest themselves.
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The domestic environment contains a number of specific sources of particulate matter, 
most particularly house dust that is composed of a complex mixture of materials:
In the indoor environment, the main source of particulate matter, other than house 
dust, is smoking, resulting from environmental tobacco smoke (ETS) (Hein, 1991, 
Lebowitz, 1992, Hoskins, 1993). Cooking, where combustion is employed and other 
activities such as burning incense can also contribute to the airborne particulates 
(Chao, 1998). Indoor dust also contains viruses which can provoke the asthma attacks 
as well as being thought to be the cause of the majority of most common colds 
(Myint, 1994).
In the outdoor environment, the two main sources of particulate matter are pollen 
(discussed above in section 1.4.4) and motor vehicle emissions (Frew, 1997). 
Particulates from diesel exhaust have been shown to carry a number of organic 
compounds, which can thus enter the respiratory tract of humans and cause health 
problems (Nitta, 1993, Perry, 1994, Knox, 1997). There are, however, other 
particulates within the atmosphere, mainly from industrial emissions, e.g. fine metal 
particles and cement dust. For air pollution in general, there is evidence that air 
pollutants can interact with aeroallergens, enhancing their impact on respiratory 
disease (Emberlin, 1995).
1.4.10 Cockroach allergens
Cockroaches are an important source of domestic allergen; however, their distribution 
around the world is more concentrated in the USA and Pacific rim. They are less 
prevalent in Europe (especially the UK) so are not as important a domestic allergen as
Plant based: Pollen, spores
Bacteria, viruses, hair, skin cells, insect parts and products 
Asbestos, carbon, clays, elemental particles and man-made 
fibres
Tobacco smoke, cooking smoke, heating appliances 
Radon decay products that adhere to larger particles
Animal based:
Mineral:
Combustion:
Radioactive:
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they are in other regions (Chapman, 1997). There are five main species of cockroach 
found in the home, for which the allergens have been characterised well:
Blatella germanicus -  German cockroach -  Six main allergens (Bla g 1 through 6) 
Periplaneta americana -  American cockroach -  Two main allergens (Per a 1 & 3) 
Blatta orientalis -  Oriental cockroach 
Periplaneta fuliginosa -  Smoky Brown cockroach 
Leucophaea maderae -  Madeira cockroach
As with the dust mite allergens, cockroach allergens are found in the faecal particles.
1.5 Mechanism of Allergic Response
The key aspect of the allergic response mechanism is that it is fundamentally based on 
the immune system. The basic mechanism of this in the body involves lymphocytes 
and antibodies, and there are particular types that show specificity towards a foreign 
antigen (Mygind, 1996n). The immune system can distinguish between 
macromolecules that are produced within the individual’s own body and foreign 
matter that have entered the system from outside. There are two types of lymphocyte:
B-lymphocytes'develop fully in the bone marrow. When stimulated by an antigen, 
they transform into plasma cells and release antibody.
T lymphocytes develop in the bone marrow but mature in the thymus. When 
stimulated by an antigen, they differentiate into activated T-cells. These cells release 
cytokines (biologically active proteins) and develop further into T helper cells and 
cytotoxic cells. The cytotoxic cells can directly kill antigen-containing cells.
The usual type of antibody released during an immune response is immunoglobulin M 
(IgM). For atopic allergy sufferers, there is a genetically inherited disorder that results 
in B-lymphocytes being able to product significant amounts of another type of 
antibody, immunoglobulin E (IgE). This occurs in response to antigen challenge by
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one of the materials commonly referred to as allergens (Romagnani, 1997). The 
mechanism of the allergen response will be covered in more detail in sections 1.5.1, 
1.5.2 and 1.5.3. It should be noted, however, that there are four types of 
hypersensitivity reaction towards antigen stimulation (table 1.14):
Table 1.14 -  Types of Hypersensitivity Reaction
Type> \ i i . . AAVV- ;  '■ T- : '; V
I Determined by interaction of antigen and IgE attached to mast cells. 
Symptoms are triggered by chemical mediators (e.g. histamine) and 
occur immediately.
Allergic rhinitis, astlnna and most cases of atopic dermatitis are based 
on Type I reactions. This is also called the “immediate reaction”.
II Cytotoxic reaction between cell-bound antigen and IgG / IgM antibodies 
in circulation.
III Immune complex reaction between circulating antigen and IgG.
IV
Symptoms usually develop after 4-6 hours so this is called a “late 
reaction”.
Cellular immune response mediated by sensitised lymphocytes that react 
with antigen-containing cells. Allergic contact eczema is an example of 
a Type 4 reaction.
1.5.1 Allergen challenge
The first step in the allergic reaction is for the recognition of the invading antigen. T 
lymphocytes, or T-cells as they are sometimes called, cannot recognise antigens in 
solution; the antigen needs to be processed first. Simplistically, the mechanism is for 
the antigen (typically a complex three-dimensional molecule) to first be broken down 
into smaller peptide fragments in an antigen-presenting cell (APC). In these cells, the 
peptide fragments are bound to a major histocompatibility complex (MHC) and it is 
the peptide-MHC complex that is recognised by the T-cell receptor (TcR) that has 
specificity for that particular antigen (Austyn, 1997). APC’s are usually formed from 
two types of cell (Holt, 1997):
Dendritic cells, found in the lymph nodes and spleen, were until recently thought 
to be restricted to a few tissues but are now thought to be ubiquitous in the body.
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Macrophages, found in almost all body tissues. They have the ability to perform a 
number of immunoregulatory functions and respond quickly to changes in their local 
tissue environment. Once the peptide-MHC complex has been formed, it stimulates a 
T-cell by binding with the specific T-cell antigen receptor (TC.R). They can also 
stimulate B lymphocytes through a different recognition mechanism (the “variable” 
region of the immunoglobulin molecules bound to the surface of the B-cells).
Figure 2 - The Role of T-Cells in Cellular Immunity
T  cells in 
lymphoid tissue s '
( • j
Sensitized T cell 
enlarges and divides
Antigen presented by macrophage. 
M acrophage also secretes interleukin 1 
that induces helper T cells to secrete 
interleukin 2
A m p lif ie r  T 
ce lls
S timulate 
helper T  cells, 
suppressor T 
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S u p p re sso r 
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1.5.2 Immune response
Once the T-cell has recognised the antigen, it proceeds to release a series of chemicals 
called interleukins, which are all types of cytokine. Cytokines are small soluble 
proteins that are generated in lymphocytes (and also in some other types of cell) that 
perform the function of chemical communication between cells (Corrigan, 1997). 
Usually, cytokines are growth and/or differentiation factors. Depending on the 
patient’s atopic disposition, the specific type of antigen and the way the antigen is 
presented, the T-cell will develop into one of two types of cell, Thl or Th2. Each type 
of cell releases different interleukins. There are other types of T cell that develop at 
the time of antigen presentation. The mechanism of T cell response is summarized in 
figure 2.
1.5.3 Expression of allergy
Depending on the type of interleukin released, a different type of response will be 
shown. Thl cells release interleukins that lead to Type IV hypersensitivity, Th2 cells 
release interleukins that result in IgE synthesis and Type 1 hypersensitivity.
The IgE immunoglobulin is the rarest of the five types of antibody circulating in the 
blood and usually comprises far less than 0.10% of the total circulatory 
immunoglobulin. The IgE producing cells are found in lymphoid tissue near to the 
respiratory and gastro-intestinal tract such that they are near the point of antigen entry 
into the body (Romagnani, 1997). Once activated by allergen challenge, antibody 
synthesis continues for long periods of time, even if allergen challenge stops.
The primary initiating cells of the early phases of the allergic reaction are mast cells 
and basophils, both of which are related structures originating from stem cells 
(Church, 1997). They share a common feature in that the cells contain secretory 
granules. Mast cells are found in the loose connective tissue of most organs, whereas 
basophils are a type of white blood cell (leucocytes) and more migratory. They also 
have fewer granules. They react towards IgE by releasing the biochemically active 
mediators in the granules (degranulation).
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Figure 3 -  Antibody mediated allergic response
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The most important of the chemical mediators is histamine, which causes some of the 
classic symptoms of the allergic response:
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- Contraction of smooth muscles
- Increase in vascular permeability
- Wheal-and-flare reaction in skin
- Coughing and bronchioconstriction
- Itching, hypersecretion and blockage of the nose by vasodilation.
- Hypersecretion of gastric acid leading to cramp and diarrhoea
The mechanism of IgE mediated allergic response is summarised in figure 3.Other 
inflammatory mediators result in different symptoms. There are also other types of 
cell, for example, eosinophils (a type of leucocyte) that also act as pro-inflammatory 
cells. They release cytotoxic proteins that contribute to tissue damage during the 
allergic reaction.
In terms of symptoms after allergen challenge, for a Type 1 reaction:
1) The early indication of response in the skin is the wheal-and-flare reaction caused 
by histamine.
2) In the bronchi, the smooth muscles contract resulting in restricted breathing and 
coughing.
3) In the nose, sneezing occurs, as well as watery rhinorrhoea and blockage.
4) In the eye, itching and redness are seen.
All the symptoms caused by histamine (skin, nose and eye symptoms) can be blocked 
by taking an antihistamine whereas the bronchial effects are countered by inhalation 
of a beta2 agonist. These are all early response symptoms that manifest within minutes 
of allergen challenge. There can also be late-response effects on all the target tissues 
4-6 hours after allergen challenge.
1.6 Allergen Assay Techniques
The nature of the immune response towards specific allergens provides a biochemical 
way of detecting those allergens in a laboratory method. Practically, these techniques
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are routinely used to detect allergens in samples of, for example, house dust. There are 
two types of test, quantitative and semi-quantitative, examples of both are given 
below.
1.6.1 ELISA
ELISA, or enzyme linked immunosorbent assay, is a quantitative assay protocol that 
was first pioneered in 1987 (Chapman, 1987 & 1988). It is the current standard 
method for the assay of allergens. The technique relies on pure monoclonal antibodies 
(mAh), which are specific to a single antigen (without overlap with other antigens).
The ELISA technique uses pairs of mAh, one mAh for the capture of allergen, the 
other for detection (this second mAh is biotinylated (enzyme coupled to the antibody 
using the molecule biotin) or enzyme labelled). In some cases, there is only one mAh 
available, in which case polyclonal rabbit antibodies are used for detection. The 
specific laboratory preparing the extract determines the nature and purity of the 
allergen extracts. Although there has been some attempt at standardising extracts for 
one species of dust mite (Ford, 1985) and dog allergen (Larsen, 1988). Individual 
researchers and manufacturers of extracts have established the other allergen extract 
standards. The basic steps in the performance of a typical ELISA test are as follows in 
table 1.15 (Tsay, 1999):
Table 1.15 — Basic Steps in the ELISA Protocol for Allergen Assay
' StepAty? Procedure. |  s - gH t § |  A 5 |  v s \  ,
1 Coat plastic microtiter plate with capture mAh (200ng-ljug per well). 
Leave overnight.
2 Wash plate 3x (plate washer), block for 30 minutes with 1% BSA 
(bovine serum albumen), wash and add allergen solutions. Make control 
curve (serial dilutions of allergen standards). Make serial dilutions of 
allergen solutions. Incubate for 1 hour.
3 Wash plate 3x. Add biotinylated detector mAh. Incubate 1 hour.
4 Wash plate 3x. Add streptavidin -  peroxidase. Incubate for 30 minutes.
5 Wash plate 3x. Add ABTS/H20 2 colour developer.
6 Read plate (A405nm).
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For the protocol that uses polyclonal rabbit antibodies, the following modifications 
are used (table 1.16):
Table 1.16—ELISA Protocol Modifications using Polyclonal Rabbit
Antibodies
. StepxA If ^Procedure ~ , A  A T :  V A t A-
1 Coat plastic microtiter plate with capture mAb (200ng~l pg per well). 
Leave overnight.
2 Wash plate 3x (plate washer), block for 30 minutes with 1% BSA 
(bovine serum albumen), wash and add allergen solutions. Make control 
curve (serial dilutions of allergen standards). Make serial dilutions of 
allergen solutions. Incubate for 1 hour.
3 Add rabbit polyclonal detector antibody. Incubate for 1 hour.
4 Wash plate 3x. Add peroxidase conjugated goat anti-rabbit IgG. 
Incubate for 1 hour.
5 Wash plate 3x. Add ABTS/H20 2 colour developer.
6 Read plate (A405nm).
There are now standard ELISA reagents for a number of common allergens, for 
example (table 1.17):
Table 1.17 — Common Allergens with Standard ELISA Assays
• ; Allergeri <• 2 . T . Type df Assay f  >: * >'N * 7 Reference
Der p i /  Der p 2 Monoclonal Luczynska, 1989
Can f  1 Rabbit polyclonal DeBlay, 1991 
Ingram, 1995
Fel d 1 Monoclonal DeBlay, 1991 
Ingram, 1995
B lo t 5 Monoclonal Bavbek, 1997
Rat allergens Monoclonal Renstrom, 1997
Cockroach allergens Rabbit polyclonal Pollart, 1991
Alt a 1 Monoclonal Portnoy 1998
1.6.2 RAST
. RAST, or radioallergosorbent test, is another quantitative protocol that was designed 
as the first laboratory test for detecting allergen-specific IgE antibody in serum
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(Mygind, 1996o). RAST was thus designed to measure only circulatory IgE and does 
not look at other aspects of the immune response that, for example, provocation 
testing or skin testing will cover (i.e. tests where the subject is challenged with a 
standard dose of known allergen extracts to see which they respond to).
The basic principle of the technique is to bind the allergen to the surface (as opposed 
to the antibody as is performed in ELISA). The solid support is usually a paper disc. 
The disc is then incubated with serum from the test subject so that any IgE will bind 
to the allergen. The surface is washed to remove unbound protein and then incubated 
with anti-IgE antibody that has been labelled with a gamma-emitting radioactive 
isotope. All free anti-IgE is washed away and the plate read using a scintillation 
counter.
By alternative iterations of the technique, the anti-IgE can be fluorescence-labelled or 
enzyme-labelled and read using an appropriate technique. RAST can be modified as a 
means to assay for the allergen and there have been attempts to use it for this purpose 
(Gordon, 1994). However, ELISA remains the most popular and convenient 
technique.
1.6.2 Semi-Quantitative Techniques
The rapid-assay techniques are mainly used for the evaluation of dust mite allergens. 
The first test, the Acarex® test (distributed by Allergopharma Jochaim Ganzer KG, 
Reinbelc, Germany) relies on the assay not of the allergen itself but of guanine in the 
sample (Bischoff, 1984 & 1987). Guanine is a metabolic excretion product that is 
found in the faeces of dust mites (Le Mao, 1989, Van Bronswijk, 1989) and shows 
good correlation with the levels of the major allergens.
In the Acarex® test, the dust sample is suspended in an aqueous-alcoholic alkali metal 
hydroxide solution. The resulting extract is reacted with an aromatic diazo compound 
which, for a positive result, produces a colour that can be compared to a standard scale 
for zero, weak, medium or strong presence of dust mite allergen. This method has
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been used widely to predict mite levels in the home (Quoix, 1993) but there is a 
question over it’s correlation with allergen levels (Chapman, 1993). The components 
of the Acarex© test are shown in Figure 4 below.
There are also rapid tests that are based on immunochemicals, though they still 
operate by resulting in a colour change that is compared to a standard chart. These kits 
have specific monoclonal or polyclonal antibodies bound to a membrane. The two 
main ones are:
Aclotest™ - (Produced by Laboratorio Farmaceutico Lofarma s.r.L, Milan, Italy). The 
test uses a dipstick coated in polyclonal rabbit antibodies specific for mite extracts to 
capture the allergen. It also uses an affinity purified polyclonal antibody bound to a 
colloidal dye for detection (Mistrello, 1998). This test is, at the time of reporting this 
thesis, only available for dust mite allergen.
The components of the Aclotest™ are shown in Figure 5 below.
Dustscreen™ - (Produced by CMG_HESKA, Fribourg, Switzerland). This test has 
the advantage over the Aclotest™ in that it detects multiple allergens in a single test 
using one dust samples.
There are six spots of capture mAh on a nitro-cellulose strip. Following incubation 
with the dust sample, bound allergen is detected using a cocktail of enzyme 
conjugated secondary mAh to mite, cat or cockroach allergens. The drawback of the 
test is that it takes several hours to perform (DeWeck, 1998).
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Figure 4 -  Acarex® Test Kit
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1.7 Prevalence of Allergies
When looking at the nature of allergens within the domestic environment, it is 
important to understand how prevalent allergic diseases are (thus, how significant is 
the problem). There have been a number of studies over the past decades designed to 
look at this question.
1.7.1 Current allergy prevalence estimates across the world
General estimates of the world prevalence of allergic disease (Mygind, 1996m) 
suggest the following general figures (Table 1.18):
Table 1.18 -  Estimates of World Allergy Prevalence
Condition Prevalence (% of total 
population)
Asthma 5-10
Allergic Rhinitis 10-20
Atopic Dermatitis 10-15
People demonstrating positive reaction 
to skin-prick testing
20-30
The UCB Institute of Allergy (UCB Institute of Allergy, 1997) gave a good review of 
the current prevalence of allergic disease in Europe in a recent publication. This 
document summarises the results from numerous studies over the last thirty years. 
There has also been a considerable amount of data collected on the worldwide 
prevalence of allergy in the recent ISAAC (International Study of Asthma and 
Allergies in Childhood) work (Beasley, 1998).
Studies from the United States have confirmed that the prevalence of allergic disease 
there is comparable to Europe (Nathan, 1997, US DHSS, 1994 & 1995) and the most 
recent European data also confirms the estimated prevalence (Department of Health, 
1998).
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Referring to a number of recent studies, the following table (Table 1.19) gives the 
estimates of the prevalence of allergic disease (asthma, hay fever / rhinitis, dermatitis / 
eczema only) that have been reported for a number of major European counties in 
comparison to the United States. This data refers to studies performed within the last 
thirty years (approximately). This table does not include the data from the ISAAC 
study, though the figures are comparable.
Table 1.19 -  Estimates of the Prevalence of Allergic Disease bv
Country
Prevalence (% of population or of a 
subset of the population)
Country Years 
covered 
by Report
Asthma Hay Fever 
/ Rhinitis
Dermatitis 
/ Eczema
Reference
Australia 1994 11.9 - - Burney 1996
Austria 1994 3.1 - - Burney 1996
Belgium 1994 2 .7 -4 .6 - - Burney 1996
Denmark 1994 4.0 - - Burney 1996
Denmark 1989 - 3.2 - Iversen et al 1990
Denmark 1969-74
1990
3 - 1 0
7
Schultz Larsen et al 
1986 
Saval et al 1993
Estonia 1994 2.0 - - Burney 1996
Finland 1966-89
1977-91
1989-90
0 .3 -  1.8 
1.0-2.8 
1.1 -2.5
Haatelaetal 1990 
Rimpela et al 1995 
Varjonen et al 1992
Finland 1980
1989-90
“ 6
14
~ Poysa et al 1991 
Varjonen et al 1992
Finland 1980
1989-90
“ “ 1.7
9.7
Poysa et al 1991 
Varjonen et al 1992
France 1993 -9 4  
1994
6 - 1 8  
3 .5 -5 -5
- Annesi et al 1995 
Burney 1996
France 1984-87
1987
“ 11.7
18.5
- Charpin et al 1988 
Vervloet et al 1991
Germany 1989-94
1994
5.2 
2.1 -4 .4
von Mutius et al 
1994 
Burney 1996
Germany 1983 - - o Ktister et al 1990
Greece 1994 2.9 - - Burney 1996
Hungary 1993 - 11.0 - Kadosca 1995
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Iceland 1994 3.4 - - Burney 1996
India 1994 3.5 - - Burney 1996
Ireland 1994 5 .0 -5 .4 - - Burney 1996
Italy 1994 3.3 -  4.5 - - Burney 1996
Italy ? - 13.1 - Astaritaetal 1988
Italy ? - - 17.5 Astarita et al 1988
Nether­
lands
1994 4 .3 -4 .7 “ Burney 1996
New
Zealand
1994 9 .0 -
11.9
" Burney 1996
Norway 1981-93
1994
2 .0 -4 .2  
4.3
Skjonsberg et al 
1995 
Burney 1996
Norway 1987-88 - 10 - Bakke et al 1990
Norway 1987-88
?
25
23.6
Bakke et al 1990 
Dotterund et al 
1994
Portugal 1991
1994
1995
1996
7.4 
4 .3 -6 .0  
11 .0- 
11.8 
15
Nunes et al 1992 
Burney 1996 
Pinto et al 1996 
Morais Almeida et 
al 1996
Portugal 1995 - 6 .3 -7 .3 - Pinto et al 1996
Portugal 1991
1995
11.7
11.2
Nunes et al 1992 
Pinto et al 1996
Spain 1994 2 .1 -5 .0 - - Burney 1996
Sweden 1971-92
1979-91 
1994 •
1.9 -  5.6
2 .5 -5 .7  
5 .8 -6 .8
Aberg et al 1989 
Aberg et al 1996 
Aberg et al 1995 
Burney 1996
Sweden 1979-91
1971-92
5 .5 -8 .8  
4 .4 -14 .6
- Aberg et al 1990 
Aberg et al 1996
Switzer­
land
1990
1994
1994
17.5
4.3
5.4
Sennhauser et al 
1995
Wuthrich et al 1995 
Burney 1996
Switzer­
land
1985 “ 10 Wuthrich et al
UK 1964-94
1973-88
1978-91
1990
1992
1994
4 .1 -
19.6
4 .2 -9 .1  
11.1-12.8 
13 
13.1
Ninan et al 1992 
Omran et al 1996 
Burr et al 1989 
Anderson et al 1994 
Luyt wt al 1993 
Strachan et al 1994 
Burney 1996
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7 .5 -8 .4
UIC 1981 - 16.5 - Strachan 1989
1986 10.9 Sibbald et al 1991
1988 14.9 Burr et al 1989
1989 11.9 Ninan et al 1992
UK 1946-70 - - 5 .1 -12 .2 Taylor et al 1984
1987 11 Sladden et al 1991
1988 15.9 Burr et al 1989
1989 12 Ninan et al 1992
1995 14 Neame et al 1995
USA 1994 7.1 - - Burney 1996
1994 5.6 US DI-IFIS 1994
USA 1994 - 10.1 - US DI-II-IS 1994
USA 1994 - - 3.5 US DFII-IS 1994
1.7.2 Trends in allergy prevalence — the post-war explosion
There is a wealth of evidence that the prevalence of atopic diseases has increased over
the last few years in the industrialised world (Blumenthal, 1993, Ninan, 1992). The
general rise in prevalence seems to be true for all the major allergic diseases such as
atopic dermatitis (Wiithrich, 1996), eczema (Taylor, 1984), hay fever (Emmanuel,
1988, Butland, 1997) and asthma (Burr, 1989, Anderson, 1994, Jarvis, 1996, Magnus,
1997).
A number of European studies have been compared (UCB Institute of Allergy, 1997) 
and in all cases the most recent studies of allergen prevalence show higher estimates 
than earlier studies. For asthma, the annual rise is as much as 5% in some regions 
(Jarvis, 1997). This general rise is also seen other countries such as Australia 
(Robertson, 1991), Taiwan (I-Iseih, 1988) and is potentially a world-wide problem. 
Even accounting for improved diagnosis of allergic disease in recent years, it appears 
that the rise in prevalence is a real problem (Alpert, 1999).
There have been a number of reasons proposed for the rise (Blumenthal, 1993) but the 
general consensus is that improvements in our domestic environment such as air 
conditioning and double glazing, the increase of use of carpeting and increasing 
pollution levels are the main causes. Improvements in the domestic environment lead
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to a rise in dust mites and other domestic allergens as the indoor conditions become 
more favourable for their growth.
The recent ISAAC (International Study of Asthma and Allergies in Childhood) study 
(Beasley, 1998) provides an excellent overview of the current prevalence of allergies 
across the world. Their conclusions demonstrate that those countries with the highest 
incidence of allergy do not correspond with the highest recorded air pollution levels. 
Thus, while air pollution is important to the onset of allergy, it appears from this study 
that it is not the critical factor involved. The rise in prevalence is sufficient for some 
proposals to be made to try and reverse the trend (Watson, 1997).
1.8 Allergy Prevention Methods
There have been a number of ways proposed for the avoidance of allergies (Htut,
1994). These include removal of the source in the case of cats (Wood, 1989)(see also 
section 1.4.5) and changing the domestic environment so as not to favour dust mites 
(see section 1.4.3). However, there is now a well-developed market for specific 
allergen-control products aimed at specific sources of allergens. This section covers 
the main types of product available, though there are other types of product that are 
aimed at the control of domestic allergens. In almost all the cases, the prevention 
method attempts to remove or control the source of the allergen, thus the products 
tend to fall into a few distinct groups:
1.8.1 Allergen bedding
Beds have been long known to be a considerable reservoir for dust mites (Van 
Bronswijk, 1973) and that this has a direct result on the onset of allergy (Dotterud,
1995). Simple control methods have been tested, such as dry cleaning of bedding 
(Vandenhove, 1993) and the use of electric blankets (de Boer, 1990), which have 
proven to be very effective.
The common method now for prevention of exposure towards dust mite allergen is to 
encase the mattress and pillows in a fabric that is vapour-permeable but which has
66
pore sizes sufficiently small to prevent dust mites and their allergens passing through 
(Woodcock, 1990, Owen, 1990, Marks, 1994).
Typical examples of encasement products are Allercare from S. C. Johnson & Son,
Inc (Racine, USA) and Allergy Control Covers from Allergy Control Products, Inc 
(Ridgefield, USA).
1.8.2 HEP A filters Si Air Filters
A significant proportion of the allergen found in the domestic environment is airborne 
and the nature of the air circulation within an environment can greatly influence the 
onset of allergic disease (Jaakkola, 1995). To counter this problem, it has become 
increasingly common to use devices that either remove particles from the air or 
prevent their circulation in the first place. There are devices that rely on ionisation or 
electrostatic precipitation to perform this but the most common solution is the use of a 
high-efficiency particulate air (HEP A) filter. These types of filter are designed to 
allow airflow through the filter while removing particles down to the sub-micron size.
HEPA filters are commonly incorporated in vacuum cleaners, air conditioning 
systems, air filtration fans and ventilators. While there is evidence that ITEPA filters 
can provide a benefit to allergy sufferers (Reisman, 1990, Antonicelli, 1991), the 
recommendation of allergists is that air filtration methods should not be relied on as 
the sole method of allergen avoidance (Nelson, 1988).
1.8.3 Acaricidal & denaturant products
By far the most widespread type of product for allergen avoidance is the acaricidal 
and denaturant products. These are designed to remove the source of the allergen in 
the case of the acaricidal products (i.e. by killing the dust mites) and deactivate the 
allergens in the case of the denaturants. Acaricidal products are restricted to the 
control of dust mites, whereas denaturants will act on any proteinaceous allergen 
(denaturation is the process of rendering a protein biologically inactive by some 
chemical or physical change).
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The most commonly used acaricidal agent is benzyl benzoate, which is found in a 
number of products world-wide (Takasago, 1997). The products come in aerosol, 
liquid and powder form (see table 1.20). The effectiveness of benzyl benzoate has 
been widely reported in the literature (Lau-Schadendorf, 1991, Hayden, 1992, Le 
Mao, 1992). However, the long-term efficacy of a single treatment is questionable and 
it may even be that a significant drop in short-term mite populations does not result in 
a significant benefit to allergy sufferers (Karla, 1991, Huss, 1994).
There have been other acaricidal materials tested, such as caffeine (Russell, 1991), 
pirimiphos methyl (Mitchel, 1985), essential oils (Kalpakhoglu, 1996) and a number 
of other chemicals and natural substances.
The classic denaturant that is used in allergen control products is tannic acid 
(Woodfolk, 1994 & 1995). Other denaturants have been assessed but none resulted in 
total deactivation of the allergen (Dybendal, 1990).
Table 1.20 -  Acaricidal / Denaturant Products
Product Company Country Active
Ingredient
Acarosan
(aerosol)
Allergopharma Germany (also available 
in other countries)
Benzyl Benzoate
Acarosan
(trigger)
Allergopharma Germany (also available 
in other countries)
Benzyl Benzoate
Acarosan
(powder)
Allergopharma Germany (also available 
in other countries)
Benzyl Benzoate
Actomite
(aerosol)
Searle (Monsanto) UK S-bioallethrin & 
Bioallethrin
Allercare
(aerosol)
S. C. Johnson & 
Son, Inc
USA Benzyl Benzoate
Allercare 
(carpet powder)
S. C. Johnson & 
Son, Inc
USA Benzyl Benzoate
Allersearch 
ADS Anti- 
Allergen Dust 
Spray (trigger)
Allersearch USA (also available in 
other countries)
Tannic Acid
Allersearch X- 
mite powder
Allersearch USA (also available in 
other countries)
Tannic Acid (?)
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Aro Plus 
(aerosol)
Werner & Mertz France Essential oils
Baygon
(aerosol)
Bayer France Esbiol & 
Piperonyl 
Butoxide
Banamite
(aerosol)
Medivac
Healthcare
Products
UIC (also available in 
other countries)
7
Dani Earth 
(aerosol)
Earth
Pharmaceutical
Japan Phenotorin & 
Phenyl salicylic 
acid
Dustroy
(trigger)
Composite
Solutions
New Zealand Tannic acid (?)
Eau Earlate 
(liquid)
Eau Ecarlate France 7
Futa Wo Totte 
(fumigator)
Chogai
Pharmaceutical
Japan Pyrometrin & 
Dichlorvos
Neo Filtre 
(trigger)
Reclcitt & Colman France Pyrethrinoids
Sanytol
(aerosol)
Ideal France 7
Secto Dust Mite 
Control (trigger)
Secto (Sinclair) UK d-Phenothrin
Secto Allergen 
Control (trigger)
Secto (Sinclair) UK 7
Sergeant’s Dust 
Mite Patrol 
(powder)
Seven Seas UK d-Phenothrin
Sergeant’s Rug 
Patrol (powder)
Seven Seas UK d-Phenothrin
Sedasteril
(aerosol)
Sed France ?
Tresan (trigger) Allerayde Germany (also available 
in other countries)
Benzyl benzoate 
& Tannic acid
Many products now combine the acaricidal action of benzyl benzoate with the 
denaturant action of tannic acid in one product (Tovey, 1992). The above table (1.20) 
shows a review of some of the products available at the time of preparation of this 
thesis (Takasago, 1997).
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1.9 Domestic Causal Factors
Within a domestic environment, there are a multitude of factors that can influence the 
quantity and exposure towards allergens. The nature of the house itself (warmth, 
humidity, and ventilation) will partly determine the population of dust mites and 
moulds. The age and cleanliness of furnishings are important, as a clean house will 
have less free allergen and “food” for the allergen-producing organisms. The number 
of occupants and pets is critical. Several occupants contribute more to house dust in 
terms of shed epithelial cells; cats and dogs present their own problems in shedding 
not only epithelial cells but also allergens in their dander. Finally, the activities of the 
occupants in the home will influence the circulation and distribution of allergens, as 
well as contributing non-allergenic pollutants (e.g. tobacco smoke) to the mix.
There is no such thing as an “average” home; each domestic environment is subtly 
different depending on the many variables outlined above. However, it is possible to 
deduce the influence of key activities and the most convenient way of getting at this 
data is through the use of respondent questionnaires.
1.9.1 Use of guided or self-completion questionnaires
There are two main methods for the administration of health questionnaires. The first 
is to use a direct interview technique. This may involve random recruitment on the 
street (i.e. market researchers in busy public areas or door-to-door) or supervision of 
controlled sub-populations (e.g. schools). The advantage of this method is to 
guarantee a good number of responses. The disadvantage is that it is very labour and 
resource-intensive. A good example of a protocol that has been widely adopted is the 
ISAAC (international study of asthma and allergies in childhood) protocol (Asher, 
1995,) that has been used across a number of countries (Pearce, 1993, Strachan, 1994, 
Kaur, 1998, Beasley, 1998). One drawback of using the same protocol for a multi­
national survey is that there may be language differences that lead to different 
interpretation of some questions or terms.
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The other method of distributing questionnaires is to do so by mail. This method has 
the advantage of being cheap and easier to administrate. The drawbacks, however, are 
potentially low return of questionnaires and that the respondent may not have 
opportunity to ask questions relating to the survey. Thus, the wording of the 
questionnaire and associated instructions for completion need to be as unambiguous 
as possible. Even so, postal questionnaires have been used with some effect (Nielsen, 
1993, Emmons, 1996).
1.9.2 UK Omnibus Surveys
While specific research may utilise specific sub-groups of people, such as schools or 
hospital patients, there is another mechanism by which consumer research can be 
performed. There is significant demand by the manufacturers of household cleaning 
products and consumer goods for consumer research, specifically in usage and habit 
data. As a result of this demand, there are numerous companies dedicated to the 
constant investigation of the habits and needs of the average member of the 
population. These are called Market Research companies. Several of these companies 
have structured regular monthly questionnaires that are circulated to representative 
members of the population depending on the required demographics of the research. 
The market research companies hold databases of the demographics of the entire 
country so that they can select regional areas either to provide specific sub-groups or 
cover a representative cross-section of the population. Any given month’s 
questionnaire may cover as diverse subjects as cigarette brands to vacuum cleaners.
As this type of questionnaire is well structured and reaches a broad spectrum of the 
population, it is an ideal and inexpensive way of fielding short, specific questionnaires 
(3-6 questions).
1.10 Outline of Research
The overall objective of this thesis was to explore the hypothesis that settled dust in a 
domestic environment can contain significant levels of allergens and that the cleaning
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methods employed to remove dust can result in sufficient airborne exposure to 
potentially trigger an allergic reaction.
It has been observed, during consumer research and small-scale testing of commercial 
furniture polishes that settled dust within a home is a constant problem (internal S. C. 
Johnson usage and attitude research). Within the space of a few days every surface in 
a normal home will be coated in a thin but visible layer of dust. Although these 
studies were designed to probe usage habits of furniture cleaning & care products, 
they did yield information on the problems associated with furniture cleaning. 
Frequently, consumers would report that their normal dusting method would cause 
them to sneeze or, in some cases, trigger an allergic response. This data, however, was 
only qualitative and, in some cases, anecdotal. However, it became apparent that 
health effects relating to airborne dust were a recurrent theme, which led to the 
hypothesis that dusting could be a significant source of allergen exposure.
A review of the medical literature indicated that the bulk of the research on domestic 
allergens and allergic disease centered on the key sources of allergen. Typically, these 
would be dust mites in carpets and soft furnishings, household pets and outdoor pollen 
& pollution sources. Very few papers approached the subject of dust settling on hard, 
smooth surfaces. Reviews on the prevalence of allergy often report the causal factors 
but again these tended to focus on areas of direct contact such as bedding. Little 
research had been performed on other potential causal factors in the domestic 
environment. A qualitative examination of surface dust confirmed that it contained 
components such as pollens, moulds and pet dander that had been demonstrated to 
trigger allergic diseases. The question was, did the concentration of allergen reach 
significant levels and was the mechanism of exposure such that an allergic reaction 
could be triggered.
The prevalence of allergic disease has been demonstrated to be increasing, especially 
over the last few decades (section 1.7) and has been shown to affect a significant 
proportion of the UK population (depending on the specific disease, allergy
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prevalence is potentially as much as 25% of the total UK population). The main cause 
for the increase has been attributed to indoor factors rather than outdoor air pollution. 
Much is now known about the basic mechanism of allergic disease, which has been 
reviewed earlier in this chapter. This research has identified the major indoor allergens 
that are thought to be responsible for the majority of domestic allergy attacks. It has 
also proposed threshold levels of clinical significance (i.e. the levels above which an 
allergic response is most likely to occur). This provides a good basis for assessing the 
significance of other sources of exposure.
The first part of the research was designed to test the overall hypothesis that a 
significant number of people in the general population reported a reaction towards 
house dust in connection with the task o f  furniture dusting or cleaning. This was to be 
performed using a self-completion questionnaire that would be optimised using a 
small, controlled sample of respondents. The optimised questionnaire was then to be 
fielded over a larger sample that was representative of the general population of the 
United Kingdom. This questionnaire would also probe other household tasks and 
potential causal factors to put the results into some context, as well as examining the 
prevalence of allergic disease. A sufficiently large sample would be used in order to 
quantify with significance the responses.
The second part of the research, assuming the hypothesis was confirmed by the self­
completion questionnaire, was designed to explore the potential allergen exposure 
during dusting. This would involve in-home sampling of surface dust to answer the 
following questions:
- What is the rate of settling of dust (average rate and maximum & minimum)?
- What is the total surface area being dusted?
- How frequently is dusting performed?
- What method is employed in dusting?
- What is the allergen content of the dust?
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The purpose of this would be to quantify the amount of dust on a surface at the time 
of dusting, i.e. the total reservoir of dust available for potential exposure. This part of 
the research also provides data for the construction of a “model” domestic 
environment.
The third part of the research was designed to model the in-home conditions in a 
laboratory using the data from the in-home sampling. This would be used to 
investigate further into the effects of such factors as furniture surface type & dusting 
method on airborne dust and to quantify the amount of dust released into the air (i.e. 
the actual amount of dust available for exposure). As a part of this laboratory work, 
apparatus was to be designed to enable the reproduction of the dust settling process.
Finally, once the level of exposure had been estimated, the key test of the hypothesis 
would be to see if the reported levels and potential exposure exceeded the proposed 
levels that could trigger an allergic response. In-home measurements of airborne dust 
would also be performed to confirm the predicted results.
As has been discussed in this chapter, there are a number of allergic diseases and 
allergen sources that are associated with the domestic environment. On the 
assumption that the hypothesis posed in this thesis is demonstrated, the findings 
would then be compared to the overall sources of domestic allergy to suggest which 
factors are important and which are not.
The layout of the research is given in Figure 1 at the beginning of this chapter. This 
flow chart shows the specific experimental work and consumer research 
questionnaires that were planned and the way that the various experiments link 
together to construct the overall model used to test the hypothesis.
Thus, to summarise the objectives:
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1) Test the following overall hypothesis: Settled dust in a domestic environment 
can contain significant levels o f  allergens that can provoke allergic disease. This 
dust is present in sufficient quantities to provoke a reaction and the cleaning 
methods employed to remove dust can result in airborne exposure above the 
threshold levels required to potentially trigger an allergic reaction.
2) Identify by consumer self-completion the percentage of the population 
reporting a reaction to house dust during domestic furniture dusting (i.e. 
demonstrate the existance and investigate the significance of the problem).
3) Quantify the amount of dust and the corresponding dust allergens available 
for exposure (i.e. investigate the rate of settling, concentration of allergens and 
processes leading to exposure).
4) Compare the estimated levels of dust allergen exposure to theshold levels to 
test whether or not the predicted levels are of clinical significance.
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Chapter 2: Experimental Methods 
2.1 Summary
The research being performed here was designed to investigate and estimate the 
exposure levels to the common house dust allergens during the dusting process within 
the home. The research was split into four discreet sections, consumer research, in- 
home measurements, laboratory-based measurements and estimation of allergen 
exposure based on the collected data.
2.1.1 Consumer Research
The first step was to confirm dusting as a potentially major source of exposure 
through the Omnibus questionnaire (method described in section 2.2.1). A short 
questionnaire was tested on a local group of consumers before inclusion in a national 
omnibus. At the same time, other consumer research was fielded in the form of a 
postal questionnaire (method described in section 2.2.2). The objective of this was to 
get numerical data for a number of variables connected with the dusting task and be 
able to construct laboratory models to predict exposure based on these variables. 
Specifically, the research covered the following:
© Frequency of dusting 
® Smface area being dusted
o Method of dusting (dry cloth, polish, etc.)
° Type of surface being dusted
o Rate of settling of dust on surface
o Allergen content of dust 
o Measurement of dust release
© Effects of surface type / dusting method on dust release
2.1.2 In-Home Measurements
For the in-home measurements, sampling methods were adapted from literature 
methods for sampling of settling / settled dust (see section 2.4). Three different
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methods were devised to allow for comparison of results. These methods relied 011 
vacuum sampling (section 2.4.3), geltape sampling (section 2.4.4) and gravity settling 
(section 2.4.5). Previous attempts to measure the settled mass of dust using an open 
petri dish technique had not proven to be successful. This was because the mass of 
dust settling on the area of the petri dish over the desired sample period of a few days 
was minuscule.
For these measurements, a number of locations from the S. C. Johnson Wax consumer 
panel were selected. These people represent a number of “average” consumers of 
household cleaning products and allow controlled testing within their homes. As part 
of the agreement with the respondents, their identity and location is kept confidential.
As well as measuring the amount of settled dust in the test locations, samples were 
also taken for allergen assay (see sections 2.4.1 & 2.7.1) and micr’ostructural studies 
(see section 2.4.5). The ultimate aim of this research was to estimate the degree of 
exposure to airborne allergens during dusting so the final piece of in-home 
measurement made was sampling of airborne dust during the dusting task using 
personal air samplers (see section 2.8).
2.1.3 Laboratory Measurements
Using the data gathered from the consumer research, an apparatus was devised that 
allowed for the replication of dusted furniture surfaces with the appropriate coverage 
of dust expected to be found in the home for a given period of time. The apparatus 
also provided an enclosed and controllable environment within which dust 
measurements in the air could be performed during specific dusting activities. For 
this, a prototype was constructed to test the operational principles and reproducibility 
(see section 2.3.2). From the prototype, a scaled-up version of the apparatus was 
constructed (see section 2.3.3) to allow for experimental work 011 the pre-dusted 
surfaces.
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With the dust apparatus constructed and calibrated (reproducibility demonstrated), the 
next step was to investigate under controlled situations what effect simple dusting 
would have on the amount of airborne dust (i.e. dust released from the surface). For 
this, procedures were established using the dust apparatus in conjunction with an air 
particle counter (see section 2.6.1).
In order to convert the particle counts into a mass, the density of the dust sample was 
deduced (see section 2.5 for method). A computer spreadsheet to allow quick 
conversion of particle counts to airborne mass was also prepared (see section 2.6.2 
and Appendix #4). With the apparatus calibrated, a number of controlled experiments 
were performed to investigate the influence on dust release of:
1 -  Surface type (see section 2.6.4)
2 — Surface treatment (see section 2.6.5)
3 -  Dusting method (see sections 2.6.3 & 2.6.6)
Using the surface and airborne dust samples collected from the respondent’s homes 
(see sections 2.7.1 & 2.8), the amount of allergen was measured using semi- 
quantitative methods section 2.7.2) and quantitative ELISA protocols (performed by 
contract laboratory -  see section 2.7,3). For these studies involving surface type, the 
electrostatic properties of the test surfaces were also measured (see section 2.9).
2.1.4 Estimation of Exposure
As is outlined in Figure 1, the collected consumer, in-home and laboratory data all 
contributed towards the construction of a simplified model of the dynamics of dust 
release during the process of domestic dusting. From this model, an estimation of 
exposure and the dependence of dusting method, surface type, etc. was proposed (see 
Chapter 4). The estimation made by this method was also compared to the direct 
measurements made in-home using the personal sampling techniques (section 2.8).
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2.2 Consumer Research
As has been discussed in chapter 1, there is much known about the prevalence of 
allergic disease, much of which has been derived from consumer research. Much of 
this data, however, is focused on the allergic condition rather than the surrounding 
environment and where the source of allergens is documented, there is often little data 
on the other precipitating factors that lead to exposure.
The ultimate goal of this research is to provide a strong argument towards the 
development of meaningful methods of allergen control in the domestic environment. 
Most of the current control methods have targeted the main source of allergen 
generation, such as the carpet, bedding and furniture (see section 1.8). Preventative 
methods are also found in air circulation, such as vacuum cleaners and air filters but 
there are few control methods aimed at other residential tasks. It is important to 
understand what activities in the normal domestic routine can lead to exposure so that 
control methods can be developed to cover every eventuality. This research was 
designed to map out the average domestic routes towards exposure and quantify those 
that are seen as most relevant.
2.2.1 Omnibus Survey — allergy questionnaire
The first stage of the process was to design a questionnaire that could quantify the 
relative importance of a number of common household activities and potential sources 
of allergen exposure. For this purpose, a questionnaire was designed to probe the 
following:
1. Prevalence of allergic disease (to compare to published figures as an 
internal control for the study).
2. Domestic allergens to which the respondents are allergic.
3. The source of those allergens.
4. The domestic tasks that trigger a response.
5. Awareness of current preventative methods and associated societies.
6. General demographics of the respondent & household (number, 
geographical area, social class, working status).
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To work within cost constraints, the questionnaire was kept to five key questions, 
worded in such a way as to allow for cross-comparison of data. The demographics of 
the respondent were also recorded.
For each question, the respondents were provided with a list of possible answers to 
chose from (being allowed to select any number of relevant answers to the list).
The first question asked whether the respondent or any member of the respondent’s 
household currently had any condition from a list of doctor-diagnosed allergic 
diseases. There was also the facility to state whether they had any non-diagnosed 
conditions to allow for any “self-diagnosis”.
The second question, focused on the respondents giving a positive answer in question 
1, probed what substances the people with allergic disease were responsive to.
The third question probed a number of common household tasks, such as vacuuming, 
dusting, etc. to probe which, if any, were associated with the onset of an allergic 
response.
The fourth question asked whether the respondent (or allergic member of the 
household) used or avoided any particular substances or tasks in connection with the 
allergic disease.
The final question was an awareness question for a range of common preventative 
products and allergy-associated organisations.
Before fielding the study 011 a large-scale, the questions were drafted into a self­
completion questionnaire and mailed to 100 local respondents (selected at random 
from a local consumer panel maintained by S. C. Johnson Wax in the Egham area of 
Surrey, England). In each case, they were provided instructions in the completion of 
the questionnaire and also given facility to add answers that were relevant to them and
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which had not appeared on the list. There was also facility to comment if any of the 
questions were ambiguous or unclear. The pilot questionnaire used is reproduced in 
Appendix #1.
Fieldwork was undertaken during September 1996, the questionnaires mailed during 
the first week of the month and completed forms returned in provided return 
envelopes. After a period of six weeks to allow for return of questionnaires, 12 
random follow-up telephone interviews were made to probe the structure of the 
questionnaire and the ease of completion.
The data from the returned questionnaire was tabulated and any additions or sources 
of confusion highlighted. From this, the final version of the questionnaire was 
prepared (see Appendix #1).
For the full-scale questionnaire, it was important to cover a representative cross 
section of the population. It was also important to cover a sufficiently large sample 
base to be significant. For this reason, an independent market research company was 
approached to execute the study. RSGB (Research Services of Great Britain,
Westgate, London) was selected as they specialised in national consumer omnibus 
surveys. The optimised questionnaire was included as part of their January 1997 
General Omnibus questionnaire.
The survey was based on a representative sample of 2000 adults, male and female, 
aged 16 or over. Sampling was taken from a minimum of 130 sampling points across 
the United Kingdom in such a way as to cover all geographical areas and demographic 
levels. Trained interviewers interviewed the respondents at home during the period 
15-19 January 1997. Data was processed by RSGB using an internal weighting matrix 
to correct for sample variation and the results tabulated. Given that the respondents 
were providing answers about their total household, the survey in fact covered 5609 
people. The final report contained the following information:
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1 -  Demographics of the test sample.
2 -  Prevalence of allergic disease.
3 -  Prevalence of allergens (frequency of triggering an allergic disease).
4 -  Cross comparison of allergic disease with allergen.
5 -  Frequency of allergic triggers (tasks).
6 -  Cross comparison of allergic triggers with allergic disease.
7 -  Frequency of specific use / avoidance of certain tasks / products.
8 — Frequency of awareness & use of certain allergen control products & allergy-
related organisations.
2.2.2 Self-completion questionnaire on habits and surfaces 
Having ascertained the importance of dusting with respect to the onset of allergic 
reactions, most particularly the respiratory diseases (asthma, hay fever & rhinitis), 
research was focused onto the hard surfaces in the home. In order to estimate the 
potential level of exposure to domestic dust and associated allergens, information on 
the general consumer habits and practices connected with dusting were needed. When 
building a model of the potential exposure to house dust during dusting, there are 
several factors that should be taken into account concerning the domestic 
environment:
1) Frequency of dusting task. From an understanding of the household product 
market, it is known that people will tend to follow a periodic habit when it comes 
to cleaning within the home. There are several factors that can induce people to 
dust furniture, either that it is part of a regular cleaning regime, they are prompted 
by the visual accumulation of dust or they are responding to an imminent event 
such as guests coming or special occasions (birthdays, Christmas, etc.). 
Ultimately, however, the task can be broken down into three or four types, 
depending on the frequency of the task. Knowledge of the frequency is important 
when considering the amount of dust that can settle between dusting tasks (thus 
the total reservoir of dust available for exposure).
2) Surface area being dusted: With an estimation of the rate of dust settling through 
other experimental methods, an important factor is the total surface area being
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dusted as this will indicate the total mass of dust being moved during the dusting 
task. Again, understanding of consumer habits indicates that some surfaces are 
dusted more frequently than others are. For example, tables and sideboards may be 
dusted every task whereas high shelves and difficult to reach areas may only be 
dusted infrequently during “spring cleaning”. These infrequent areas may be a 
source of considerable exposure during the infrequent cleaning task. Thus, the 
exposure will depend entirely on the area being cleaned and, linking back to the 
first point, the frequency of cleaning.
3) Type of surface being dusted: Different surfaces have different physical 
properties. For example, an acrylic plastic surface (such as Perspex® from ICI) 
when rubbed with a cotton cloth, generates considerable electrostatic charge 
(through triboelectric effects). This static charge can linger for several hours and 
will demonstrate considerable attraction towards fine dust. Lacquered wood 
surfaces or melamine-formaldehyde resin boards (e.g. Formica® from the 
Formica Corp.) show very little charge generation and almost immediate charge 
decay. Thus, the type of surface will influence exposure, as the degree of 
electrostatic attraction will determine the amount of airborne dust. This 
phenomenon is discussed further in section 2.9. Another important factor would 
be the presence of a surface treatment such as a furniture polish that may modify 
the surface (providing some dust entrapment). The effect of surface treatment is 
covered further in section 2.6.5.
4) Method of Dusting: There are several ways in which a surface can be dusted.
Some people use a vacuum cleaner to remove dust from certain surfaces.
However, what is being considered here is what will be termed “manual dusting”,
i.e. dusting by hand. For this, the options are still varied but there are four main 
types:
o Feather duster 
© Dry cotton duster 
© Wet cotton duster (with water) 
o Wet cotton duster (with furniture polish / dusting aid)
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The effect that each method has on the amount of airborne dust is discussed in section 
3.5. The aim of this part of the research was to perform a consumer survey to 
investigate the factors involved in the dusting task so as to be able to use the data in 
the model when considering exposure levels.
Some data was already available in a recent usage and attitude study (prepared for 
S. C. Johnson Wax by Icon & Landis -  November 1996):
Table 2.1 -  Consumer Habits -  Frequency of General 
Household Cleaning
Type of Cleaning Task (percentage reported)
Frequency of 
Cleaning
Light Clean Thorough
Clean
Dry Dusting Polish
Daily 43 1 35 14
Several times a week 34 8 38 28
Weekly 20 48 22 42
Every two weeks 2 10 3 7
Every Month 0 16 1 6
Every 2-3 months 0 9 0 1
Every six months 0 5 0 1
Every year / more 
rarely
1 3 1 1
Source: Icon & Landis Study for S. C. Johnson W ax -  “The W orld o f  Furniture C are” UK (N ov  
1996). Previously unpublished data.
It was also reported by the same study that the average time for the complete dusting 
task was 35 minutes. The factors that triggered dry dusting were, in order of 
importance:
29% “I saw dust”
26% “1 saw dirt”
26% “It was cleaning day”
15% “I had friends / guests coming”
Thus, it seems that dusting is part of a regular routine and that some fairly sound 
assumptions can be made on the frequency of cleaning (thus, the total time in which 
dust can settle and the maximum build-up at the time of dusting).
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In order to probe the information that had not been covered by the Icon study, a 
second self-completion questionnaire was prepared. In this case, the design was such 
that the consumers were asked to tick boxes that applied to their situation and return 
the questionnaire in the provided envelope. A reproduction of the questionnaire is 
shown in Appendix #3. A random sample of the respondents were visited to double­
check the data and confirm the accuracy of the responses.
For each area of the house, the consumers were asked to estimate the surface area they 
commonly dusted. To facilitate their answers, they were provided with a list of 
common furniture items, along with blank lines to fill in any extras. They were asked 
to estimate the surface area from a selection of five basic area choices and also 
indicate whether that item was part of their regular dusting action or only tackled 
during a less-frequent clean (again, they were given time options). Thus, the 
questionnaire took the form of a number of grids and for each item of furniture, they 
indicated (by checking the relevant boxes) the surface area of the item and the 
frequency of cleaning. A carefully worded instruction sheet for completion of the 
questionnaire was provided. There were also general questions relating to their home 
environment and family.
Questionnaires were fielded throughout three areas, Egham (through the S. C. Johnson 
local consumer panel), Poole and Kingston. A total of 200 questionnaires were 
fielded. Resource restraints did not allow for further coverage of the population. 
Locations were selected as far as possible to cover the broadest spread of social class, 
family sizes and size of houses.
When the completed questionnaires were returned, the results were tabulated to give 
the total surface area being dusted during the quick, frequent clean as well as the 
surface area being dusted as part of the infrequent “spring” clean. These figures, as 
well as the other data gathered, would be used for the estimation of total exposure to 
airborne dust during the dry dusting task.
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2.3 Construction of Standard Dust Cabinet
One of the key objectives of this research was to design a tool with which a simple 
model of a domestic environment could be reproduced in order to perform studies on 
settled dust. The ultimate aim was to be able to use such a device to explore the 
settling of dust on a surface, generate reproducible dusted surfaces that reproduce the 
“real” domestic situation and use such dusted surfaces to explore dust release during 
dusting. From this work, the level of exposure to airborne dust can be estimated. This 
apparatus was designed to serve a number of purposes:
1) Calibration of surface (gravity) samplers.
2) Investigation into the effects of dusting on airborne particles.
3) Use of air particle counting to estimate mass of dust released through dusting.
4) Investigation of impact of surface type, surface treatment and dusting method on 
dust release.
5) Estimation of inhalant exposure to dust during dusting.
The apparatus was tested at a prototype stage and scaled up to a full-scale system. 
There were several factors that were important for the model:
1) The apparatus should be large enough to provide ample volume for dust 
circulation and settling.
2) The apparatus should be able to contain sheets of test surface sufficient to allow 
for dusting of the surface under normal conditions (i.e. by hand).
3) The apparatus should be designed to prevent random air circulation while 
allowing an operator to manipulate the surface (i.e. perform dusting experiments).
4) The dust introduced into the apparatus should evenly distribute across the test 
surface. Thus, there should be facility for circulation of dust within the body of the 
apparatus then allowing the dust to settle.
5) The apparatus should have facility for sampling airborne particles.
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2.3.1 Basic principles
There are many variables within an average domestic environment, which will 
influence the composition and amount of settled dust. For example:
Number of occupants in the environment (human and animal)
Environmental conditions (temperature & humidity)
Air circulation (ventilation, frequency of disturbance, etc.)
Frequency of use of the particular environment (e.g. living vs. dining room) 
Level of cleanliness (frequency of cleaning)
Geographical location (urban / rural / near main road)
Furnishings (new vs. old carpet, wood floors, fabric chairs vs. leather, etc.) 
Vacuum cleaner (age, HEP A filters, etc.)
Presence of smokers
. In the construction of a simplified model, many of these variables can be eliminated. 
Overall, what is desired is a method for generating uniformly dusted surfaces that 
reproduces the level of dust that settles 011 a surface in a given period of time under 
natural conditions. The influence of domestic factors such as number of occupants, 
vacuum cleaners, smokers will all ultimately impact the composition and amount of 
dust settling but the process by which it reaches a surface will be the same.
The simplest model of a room is considered here as a sealed box with nothing inside. 
This represents an ideal state; there is no interchange with the outside world so there 
is 110 influx of dust. Obviously, this is too simplistic a model for practical use.
To expand the model to more useful terms, there needs to be the introduction of three 
things:
1 -  Dust
2 -  Surface
3 -  Air-flow
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The build-up of dust (rate of settling in mass per time period) will, as has been 
mentioned, depend on the number of people & pets, the presence of smokers, the 
geographical location and the efficiency of the vacuum cleaner. The total amount of 
dust on the surface will take into account the additional factor of frequency of 
cleaning. By measurement of actual dust levels in homes (see 2.4) an estimation of the 
rate of settling and total mass of settled dust per unit area can be made. With this 
knowledge, an appropriate “dosage” of dust in the model can be estimated. Thus, the 
amount of dust can be either fixed or controlled.
In an average home, there are many surfaces and obstructions to airflow (furniture, 
ornaments, etc.). Also, the heating patterns (convection) and ventilation within a 
particular area determine airflow. These will both essentially be infinite variables, no 
two areas having the same ventilation or convection patterns (and even the same area 
having different airflow depending on the temperature and activities within the area).
Airflow will only determine the precise amount of dust on a particular surface within 
an area but this model will consider an ideal “average” situation where an appropriate 
amount of dust is allowed to settle uniformly on a test surface. Thus, the model should 
have no obstructions to airflow and uniform air circulation. To achieve this, the model 
should consist of a test chamber where the dust surface is at the base of the chamber.
To create as uniform as possible airflow, air cannot be introduced from the side, as 
there is the potential for dust settling out by size (i.e. the heaviest particles depositing 
on entry into the chamber, the lightest particles being carried to the far side). Thus, it 
was considered that airflow should be introduced from the top.
This still leads to the problem that dust could potentially settle out in a radial pattern 
(settling directly below the air-inlet) so that some turbulence is required to ensure the 
dust is evenly distributed throughout the chamber. This can be achieved by 
. introducing the airflow in the form of a vortex. The dust sample is introduced through
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this vortex, allowed to circulate within the chamber and then, with the airflow 
stopped, allowed to settle naturally.
2.3.2 Prototype
For practical use, a full-scale apparatus would require means by which the surface 
could be worked upon without disturbing the airflow of the environment and also 
means by which the air above the surface could be sampled for respirable particles.
For the basic prototype, however, these features are non-essential.
The main body of the prototype was constructed of a plastic chamber (dimensions
0.3m x 0.3m x 0.4m) with one open side and an orifice in the centre of the side 
opposite from the opening. This chamber was placed open-side down onto a smooth, 
hard surface (lacquered wood).
To the top orifice was attached a small fan, pointing downwards so as to create a 
vortex in the chamber. In the path of the airflow was a small platform upon which a 
dust sample can be placed. To create a vortex, the fan was selected to have the blades 
“propeller” style. Practically, this was achieved by mounting the fan from a travel 
hair-drier (Black & Decker) inside a plastic tube of appropriate diameter to allow for 
the diameter of the fan blades. The construction was designed such that the fan blades 
were a few centimetres above the top of the box.
The tube containing the fan was designed to be removable from the main body of the 
chamber (sitting into a sleeve on the top of the box). At the end of the tube, just below 
the fan, was mounted a metal disc onto which the dust sample could be put before 
careful attachment of the fan assembly onto the box.
The filter (3M Filtrete electrostatic vent filter medium) was attached to the inlet for 
the fan is to remove any background particulates from the air intake. This ensured that 
the dust introduced to the chamber was only from the sample (and the minute amount 
of background particles in the air already in the chamber).
89
A schematic of the apparatus is shown in Figure 6:
Figure 6 - Schematic Diagram of Prototype Dust Chamber
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The one-way valve at the bottom of the chamber is to allow equalisation of pressure 
while air is being drawn into the chamber. The general procedure for the operation of 
the chamber was as follows:
1 -  The dust to be introduced was pre-weighed and placed on the sample platform.
2 -  The fan assembly was fixed in place and the chamber placed on a suitable 
furniture surface (which had been cleaned of any residual dust).
3 -  The fan was activated, drawing air into the chamber and blowing the dust from 
the platform.
4 -  Circulation was continued for one minute, then the fan was deactivated.
5 -  The dust was allowed to settle.
There are two points that needed to be quantified. The first was the amount of time to 
allow for dust settling to ensure that all the introduced dust had settled. The second 
was to confirm that an even coverage of dust had been achieved over the entire test 
surface.
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To test the settling time, a second hole was introduced into the chamber, through one 
side. This hole was just sufficient to allow access of the sample inlet tube of a 
Malvern instruments APC 300A air particle counter. This device draws air through a 
sample tube and, using diffraction of a laser beam, counts the number of particles in a 
given series of particle sizes over a programmed period of time. The air drawn in is at 
a rate consistent with human respiratory rates. The device counts from 0.3 -  25.0- 
micron particles.
There was no problem with pressure equalisation during the operation of the Malvern 
APC 300A as there was sufficient air replacement drawn through the fan and filter 
assembly.
The minimum settling time is the minimum time after which sampling of the internal 
atmosphere of the chamber results in a similar count to the background count before 
dust was introduced.
A schematic of the modified apparatus is shown in Figure 7:
Figure 7 -  Prototype Dust Chamber with Air Particle Counter
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The procedure is modified thus:
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1 -  The internal atmosphere of the chamber was sampled for one minute using the 
Malvern APC 300A.
2 -  The dust to be introduced was pre-weighed (approximately 0. lg  of vacuum 
cleaner dust pre-sieved through a 100pm mesh) and placed on the sample platform.
3 -  The fan assembly was fixed in place and the chamber placed on a suitable 
furniture surface (which had been cleaned of any residual dust).
4 -  The fan was activated, drawing air into the chamber and blowing the dust from the 
platform.
5 — Circulation was continued for one minute, then the fan was deactivated.
6 -  The dust was allowed to settle for a recorded length of time.
7 -  The atmosphere was re-measured using the APC. If the measurement of total 
particles was significantly greater than the background, the experiment was repeated 
using a longer settling period.
By increasing the settling period in incremental stages, a fairly accurate assessment of 
the minimum settling time can be made.
To ascertain the uniformity of the settled dust, the surface is sampled over random 
areas. The simplest way of performing this is to distribute pre-weighed sections of 
wood veneer or very thin sheet wood (of known surface area) over the test surface. 
Paper cannot be used as it is moved during the airflow stage. Plastics should be 
avoided as they may attract dust electrostatically. The sections of wood veneer are 
weighed before and after dusting. If a known amount of dust is introduced, the 
theoretical amount of dust settling on the veneer sections can be calculated. This can 
then be confirmed (or otherwise) by weighing the amount of dust actually settling on 
the veneer sections. If there is any discrepancy over the distribution of dust, this will 
be determined by sampling over different parts of the test surface.
The procedure for this is as follows:
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1 -  A number of sections of wood veneer were pre-weighed and the surface area of 
each measured.
2 -  The dust to be introduced was pre-weighed (approximately O.lg of vacuum 
cleaner dust pre-sieved through a 100pm mesh) and placed on the sample platform.
3 -  The fan assembly was fixed in place and the chamber placed on a suitable 
furniture surface (which has been cleaned of any residual dust).
4 -  The fan was activated, drawing air into the chamber and blowing the dust from the 
platform.
5 — Circulation was continued for one minute, then the fan was deactivated.
6 -  The dust was allowed to settle for a recorded length of time.
7 -  The veneer samples were carefully removed (ensuring no dust was disturbed) and 
re-weighed.
The results of the initial tests are shown in section 3.2.
2.3.3 Scale up
The prototype apparatus was by design small and simple to demonstrate the principle 
of operation. It also lacked certain features that are necessary for a scaled-up version 
of the dust chamber. The chamber itself should be large enough to allow for a 
significantly sized test surface to be introduced. It should also be large enough to 
allow for reproduction of the dusting action.
A second requirement was that there should he ample access to the chamber to allow 
for introduction of test surfaces, cleaning, etc., while having the facility to enclose the 
sample to prevent unwanted airflow. For this reason, the chamber should be smaller 
than a room so that the operator can remain outside of the environment and not greatly 
influence it.
A third requirement was to have access ports for the Malvern APC 3 00A but at 
variable heights. The optimum scenario was one by which sampling is made at 
“breathing height”, i.e. a suitable height from the test surface equivalent to the height
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of a person’s mouth & nose. However, there are a number of variables associated 
with this. First of all, the actual height of humans can vary greatly. Secondly, the 
height of the surface being dusted (be it a table or a shelf) can vary. The habits of 
people during dusting (whether they crouch down) can also be important. Overall, 
therefore, sampling should be possible from a number of heights. The two most 
important heights, however, were taken as approximately 0.6m from the surface, and 
approximately 0.1m from the surface. The first of these represented the approximate 
height between the surface of an average table and a person dusting while standing. 
The second height represented a situation where the surface is closer to the breathing 
area, e.g. a high shelf.
The basic design was similar to the prototype, in that it comprised an enclosed 
chamber with a top-mounted fan. The additional features included a front sash that 
can be raised to access the inside of the chamber. Into this sash, a number of holes 
were cut. Two large holes allowed for the insertion of glove mounts, such that the 
chamber became a modified glove box. This allowed for manipulation of the interior 
(e.g. dusting of the surface) with minimal disturbance of the environment. The sash 
also had a number of smaller holes cut centrally in a vertical line to allow insertion of 
the Malvern APC 3 00A sample tube.
The body of the cabinet was constructed from a material that had a rapid natural 
electrostatic charge decay. Materials such as plastics are prone to the generation of 
electrostatic charge, which can be maintained on a surface for several hours. This 
would attract circulating dust, reducing the amount that reaches the test surface and 
reducing the efficiency of the cabinet. It would also potentially reduce the amount 
available for air particle counting. The main body of the cabinet was therefore made 
from melamine-formaldehyde resin laminates (e.g. “Formica”). Using a charge decay 
device, in this case a JCI 155 Charge Decay Test Unit (John Chubb Instruments), the 
surface charge decay of this substrate can be demonstrated to be significantly less than 
one second (see also section 2.9).
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For the front sash, laminate could not be used, as the sash needed to be transparent to 
allow the operator to see inside. Plastics were avoided as a result of the potential for 
charge accumulation. Thus, the sash was made of toughened glass and insulated with 
foam rubber strip.
The fan used was of variable speed and selected to operate in both directions, either to 
introduce air into the chamber in a vortex, or to extract dust from the chamber (e.g. 
during cleaning). The top of the fan was fitted with a suitable filter (e.g. 3M Filtrete) 
to prevent background particles from the surrounding room entering the chamber or 
to capture dust being extracted from the chamber. A detachable sample platform, 
composed of metal, was mounted just below the fan. Dust could either be introduced 
by placing it on this platform or by direct introduction through the fan. Thus, the 
apparatus, in schematic form, is as follows in Figure 8:
Figure 8 - Final Schematic of Dust Chamber
The fan used in the cabinet was a standard domestic extractor fan that had been 
specifically designed to operate in potentially dusty environments over a long period 
of time (Vent-Axia TX71L -  max. flow rate 0.179mV (645m3hr ')). The internal 
dimensions of the cabinet as constructed are as follows:
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Sides: 0.6m x 0.78m
Front / Back: 0.6m x 1.0m
Top / Bottom: 0.78m x 1.0m -  maximum test surface area.
(Total internal volume = 0.468m3)
Finally, plugs were designed for the orifices in the sash so that the chamber could be
sealed while the orifices were not in use. These were composed of laminate and were
tight fitting so that the interior face of the sash is flush when they were installed.
The cabinet itself was fitted with speed and direction controls for the fan as well as a 
general isolator switch and internal power supply (in case any electrical apparatus was 
required inside the chamber). Labspace Ltd. (Kent, England) performed construction 
of the final apparatus (see Figure 9 below).
Figure 9 -  Dust Chamber
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Note: This design of cabinet did not have provision for controlling humidity or 
temperature though it was recognised that these may influence results. Both 
temperature and humidity were routinely measured to ensure that all experiments 
were performed under similar conditions.
The basic procedure for the operation of the cabinet (introduction of dust) was as 
follows (Brown, 1999):
1 -  Before use, the cabinet was thoroughly cleaned to remove any dust from previous 
experiments.
2 -  The test surface was also clean and free of contamination.
3 -  The test panel was placed inside the cabinet.
4 -  An appropriate amount of dust was pre-weighed and placed centrally on the metal 
platform. (Alternatively, it was retained for direct introduction through the fan).
5 -  The sash was lowered and all the holes plugged. (Note: There was sufficient 
leakage to equalise pressure while not interfering with airflow).
6 -  With the fan set to the inflow setting, the speed was set to the highest level and the 
fan started.
7 -  If introducing the dust via the fan, the filter unit was removed and the dust 
introduced slowly (the filter unit was replaced after dust addition).
8 -  Circulation was allowed to continue for 60 seconds.
9 -  The fan was deactivated and the dust allowed to settle.
As with the prototype, the precise amount of dust required to reproduce the average 
domestic situation was determined through the in-home sampling work.
2.3.4 Demonstration of uniformity & reproducibiiity of settling
As with the prototype unit, it was essential to demonstrate that the distribution of dust 
across the test surface was uniform and that the amount of dust delivered could be 
controlled. The procedure for measuring this was essentially the same as for the 
prototype, i.e.:
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1 -  A number of sections of wood veneer were pre-weighed and the surface area of 
each measured.
2 -  The dust to be introduced was pre-weighed (approximately 1.0 -  5.0g of vacuum 
cleaner dust pre-sieved through a 100pm mesh) and placed on the sample platform.
3 -  A suitable furniture surface (which had been cleaned of any residual dust) was 
placed in the cabinet and the sash lowered.
4 -  The fan was activated, drawing air into the chamber and blowing the dust from the 
platform.
5 -  Circulation was continued for one minute, then the fan was deactivated.
6 -  The dust was allowed to settle for a recorded length of time.
7 -  The veneer samples were carefully removed (ensuring no dust was disturbed) and 
re-weighed.
The procedure was repeated a number of times using different samples of dust and 
different initial amounts. The ideal situation was for the coverage across the test 
surface to show an error of no more than a few percent.
The other variable that was considered was the amount of dust per unit area. It was 
reasonable to consider that some dust will be lost during an experiment, either by 
escaping through the inevitable leaks in the cabinet that are built in to equalise the 
pressure, or by adhering to the internal surfaces of the cabinet. By weighing the dust 
samples used, the theoretical amount per unit area could be calculated under ideal 
conditions. Then, by weighing the actual amount per unit area settled, the percentage 
of dust “lost” (which, hopefully, was low) could be calculated. By varying the initial 
amount of dust introduced, the error as a function of initial mass of dust introduced 
could be plotted. The results of the calibration test are shown in sections 3.2.1 / 3.2.2.
2.4 Estimation of the Rate of Dust Settling
The amount of dust settling on a surface under normal conditions should be very 
• small. As has been qualified from previous unpublished consumer research (S. C. 
Johnson Wax internal research), dusting on the whole is performed as part of a routine
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clean and is often based on the visual appearance of dust. The amount of dust that can 
be perceived by the human eye is relatively low and it is likely that the risk of 
exposure is only realised through the cumulative exposure resulting in the disturbance 
of a large area. This creates problems if a researcher wishes to investigate differences 
in settling in different parts of a single area. The amount of dust available for 
sampling over the period of 1-2 weeks is likely to be minuscule. In order to derive 
reliable figures, as many different techniques should be employed to allow cross­
checking of the estimates of settled dust. In this study, sampling in the test areas was 
performed using vacuum sampling, geltape sampling and gravity techniques.
The aim of these experiments was to measure the amount of dust settling on a known 
area of surface over a known period of time. From this, the rate of settling was 
estimated throughout that period of time. The area sampled was measured, and the 
time since the surface was previously dusted recorded.
This experiment makes a number of assumptions:
1) The surface was rendered completely dust-free during the last dusting task.
2) The rate of settling calculated is based on the mass per unit area divided by the 
time. It assumed a constant rate of settling throughout the period and did not allow 
for periods of high and low settling (i.e. during night-time when the room air 
circulation drops (low settling rate) or during tasks such as vacuuming, which may 
stir up dust (high settling rate)).
3) The dust demonstrated uniform settling over the surfaces sampled (i.e. there were 
no areas of heavier settling).
In each location, the residents of the home performed testing with gravity samplers 
(see section 2.4.5). They were provided with all appropriate materials and instructions 
for placement and use of the samplers. Vacuum and geltape sampling was also 
performed (see sections 2.4.3 & 2.4.4 respectively) in each location by the researcher. 
For select locations, samples of carpet dust (the contents of the occupants’ vacuum 
cleaner bag) and larger surface dust samples were taken for allergen assay (see section
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2.7). This was only performed during the August / September sampling (i.e. when 
temperatures were highest and the conditions for dust mites at their best). Financial 
constraints meant that only a few specific assays would be possible so that attention 
was focused on the maximum levels of mite exposure (from semi-quantitative tests).
2.4.1 Selection of locations
Given that each location was subtly different, depending on the number of inhabitants, 
domestic habits and geographical location, it was important to carefully select 
locations that reflected as many variables as possible while keeping the sheer volume 
of required sampling to a minimum. There were also a number of geographical and 
financial constraints on the research, which also necessitated careful selection of 
locations.
40 test locations were selected from three areas. In each case, the address and other 
specific details of the test houses were kept anonymous. All were real domestic 
environments selected for no anticipated changes in household size, etc. over the 
period of the study (i.e. up to 2 years). The test homes were selected on the basis of 
household size, location and presence of pets according to the demographics outlined 
in Table 2.2 below:
Table 2.2 -  Test Locations for Dust Settling Study
Demographics of Home -  Number of Test Homes 
With.
Town Area 
Type 
(Rural / 
Urban)
Total 
Number 
of Test 
Homes
1-3 
Occupants 
No Pets*
1-3
Occupants
Pets
4+
Occupants 
No Pets
4+
Occupants
Pets
Egham,
Surrey
Rural 20 5 5 5 5
Poole,
Dorset
Urban 10 3 2 oJ 2
Kingston 
, Surrey
Urban 10 2 3 2 O
* Pets refers to cats and / or dogs in this case.
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Within each location, sampling was performed in three locations. The first location 
was in the main bedroom at a height of approximately 0.7m from the floor (e.g. on a 
bedside cabinet or dressing table). The other two locations were both in the main 
living room, one at a height of approximately 0.7m from the floor (e.g. on a table or 
sideboard), the other at approximately 1.5-2.0m from the floor (e.g. on a shelf).
2.4.2 Sampling frequency
Sampling was performed on three separate occasions. The first sample was taken 
during the period August / September 1996, the second sample taken December 1996 
/ January 1997 and the third sample taken April / May 1997.
Figure 10 — Instruction Sheet for Surface Sampler
Instructions for Surface Sampler
Dust Furniture as normal. Do not place sam plers until 1 
hour after dusting.
*
2. Rem ove sam pler from  bag.
3. Rem ove lid of sam pler - the label on lid gives instructions 
for placem ent location.. : ' • :: ■ v-.- \ ^  '
'• -Cj '.A. . ’ " •. . '  .' ■
4. Fill in date and tim e o f opening on lid label.
(jfe , * 7 v\  *1 - ■> r ’' 77: :~:.7
5. Set open dish on surface where it w ill not be disturbed by
everyday dom estic activ ity but is exposed to dust settling 
(i.e. not covered or m asked by other objects).■ ■ * v‘\‘Aty * ' * ‘ ? • % v *• " * "-1 t\  ^  ^ y-.*-  ^ t
6. Before your next regular dusting, replace the lid and secure 
in p lace w ith the tape provided. Record the date and tim e 
of closing on the label.
7. Return the dish to the bag and keep upright in a safe place 
until collection.
Thank you for your assistance with this study.
For the gravity samplers (type positioned by the respondents), the samplers were 
supplied in a sealed bag along with the instructions shown in Figure 10 above.
To the lid of each sampler was attached a label on which the location for sampling 
was given as well as instructions on where to place it. The samplers were also given a 
code number, which could be used to refer them back to the test home. There was also
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a self-completion section in which the subject added the date and time of opening / 
closing as requested.
2.4.3 Sampling using vacuum sampler
It was important with the vacuum sampler that it should retain all of the dust removed 
from a surface at the point of collection. Ordinary domestic vacuum cleaners have 
been demonstrated to be inadequate for this purpose, whereas modified hand vacuums 
have been used for sampling in the published literature (Twiggs, 1991).
In this case, the dust was collected on a pre-weighed filter. The filter itself was 
composed of a sheet of electrostatic (electret) filter material (3M Filtrete) followed by 
a 0.8pm micro-pore filter (Gelman Sciences Metricel® Membrane Filter). The 
purpose of the two-stage filter was so that the bulk of the dust was collected on the 
electret filter medium before reaching the micro-pore filter. This way, significant 
airflow was maintained. If the electret was omitted, the micro-pore filter became 
rapidly clogged, reducing vacuum efficiency.
For the sampling of surfaces, a modified personal sampler was used (SKC universal 
sampling pump or Cassella personal sampler). The sampler consisted of an air pump 
with a known flow-rate and a filter cartridge attached to the inlet pipe. The filter 
cartridge was modified by the attachment of a small metal nozzle to the inlet. This 
prevented any of the sampled dust adhering to the nozzle itself through electrostatic 
attraction. A diagrammatic representation of the apparatus is shown in Figure 11:
Figure 11 — Cut-away Diagram of Vacuum Sampler
! Electrostatic Filter i
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Prior to sampling, the filter was placed in a transport case and accurately weighed (5 
decimal places) under controlled conditions of temperature and humidity.
The test surface to be evaluated was carefully measured to give as precise as possible 
the dimensions being sampled. Ideally, the surface had been left in an environment to 
collect dust for a known period of time (i.e. the surface had been carefully cleaned and 
left for a known period of time to collect dust).
The test surface was carefully vacuumed using the nozzle (passing the nozzle as 
closely over the surface as possible in a backward direction so that any disturbed dust 
was taken up by the suction). Suction was continued for 30 seconds after sampling. 
The nozzle was tapped gently in order to encourage any dust adhering to the nozzle to 
pass onto the filter.
As soon after sampling as possible, the filter was carefully removed and returned to 
the transport case. It was then re-weighed (under the same conditions of temperature 
and humidity) to determine the amount of dust (by mass) captured on the filter. From 
the mass and area, the mass of settled dust per unit area could be calculated. If the 
amount of time over which the dust has settled was known then the average rate of 
settling could be estimated. An advantage of this method was that the sample could be 
readily extracted from the filter media should further assay be required (e.g. 
immunological assay). Thus, to summary the procedure:
1. The filter cartridge was assembled and accurately weighed.
2. The area to be measured was selected and designated with a code number. The 
details of the area were recorded with respect to this code number. The dimensions 
of the test area were noted, as well as surface type, location and details of the 
environment (number of people, pets, smokers, etc.).
3. The filter was attached to the vacuum pump & sample nozzle.
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4. The surface was carefully vacuumed, ensuring that all parts of the evaluation area 
were covered for at least 30 seconds. The total time taken to sample the test area 
was noted.
5. The vacuum was turned off and the filter cartridge removed.
It was considered that, despite being small, the operation of the device would 
inevitably draw background air through the filter stage, adding to the recorded mass. 
To ensure that the background count was not significantly adding to the overall mass, 
a control run was performed by which the pump was allowed to run for the same 
duration as the surface sampling.
Given the small size of the gravity sampler, as described in the section 2.4.5, it was 
possible to employ both techniques on the same area in order to compare and contrast 
the results. Results of vacuum sampling are shown in section 3.3.1,
2.4.4 Sampling using geltape method
Geltape sampling has been generally used for measuring fingerprints on surfaces or 
for contamination measurement. The principle is a simple one, to use an adhesive 
surface on a support to “strip” the surface of any contaminant material. This method 
also investigated direct sampling of dust from surfaces using geltape methods 
(Poulsen, 1995). By this method, settled dust is removed from a surface using an 
adhesive strip.
The geltapes used were modified versions of the type used for fingerprint removal 
(print lifter B-17, Petersen-Bach A/S, DK-8850 Bjerringbro, Denmark). These are 
transparent plastic rectangles (0.13m x 0.18m) coated with a gelatin-based material 
covered with a protective film.
Strips were cut to the same dimensions as a standard microscope slide. A wooden 
handle was constructed to support the strips and allow application to the surface. This 
handle comprised a wooden block of the same dimensions as the strip, covered at the
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end with an even layer of “Blu-Tac®” The geltape was adhered to the “Blu-Tac®”, 
adhesive side down.
A schematic of the geltape sampler follows in Figure 12:
Figure 12 -  Geltape Sampler
For sampling, the following procedure was used:
1 -  The protective layer was removed.
2 -  The block pressed firmly onto the test surface (with care being taken not to 
disturb any dust by air movement in the process).
3 -  The block and strip were carefully removed from the surface.
4 -  The block and “exposed” geltape strip were placed in a dust-free plastic container 
for transport to the laboratory.
5 -  The geltape strip was carefully removed using a pair of forceps and adhered to a 
dust-free glass microscope slide, trapping the capture dust between the geltape and 
the glass. The sample is now “fixed for evaluation under the microscope.
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2.4.5 Sampling using gravity methods (petri dish)
This method was designed to serve two functions. The first was to provide an 
alternative method for estimating the rate of dust settling and thus support the data 
gathered via vacuum sampling. The second function was to allow a method for 
estimating the dust-settling rate in an environment using a process that does not 
require the presence of the researcher, thus allowing for broader and more frequent 
sampling.
The method is based on settling via gravity on adhesive sample dishes, a modification 
of the method described by Oliver (Oliver J, 1995)
A major drawback of this method is that the sample is difficult to handle once 
collected and also the sample size is very small. Thus, the most direct method of 
evaluating the collected sample is direct counting of particles by optical and electron 
microscopy.
In order to prepare a sample for electron microscopy, it would need to be transferred 
to a suitable mount. A problem with this is that most polymers used in the support 
material of adhesive tape are prone to electrostatic charging under the microscope, 
blurring the image and causing it to “white-out”. This means that the geltape strips 
used for surface sampling cannot be used under the electron microscope.
Fortunately, a convenient alternative exists in the form of adhesive carbon discs (e.g. 
Agar scientific carbon discs) that are designed and used for mounting samples onto 
the metal sample stubs within an electron microscope while retaining conductivity 
between the sample and the stub. The double-sided adhesive carbon discs come 
supplied on a plastic backing sheet, the other side protected by a plastic cover 
material.
For field sampling, it was necessary to place the carbon discs in a portable sample 
container that could be uncovered and covered as required. For this, a standard plastic 
petri dish was employed. A square of four carbon discs, still attached to their backing
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material, was cut and the sheet stuck inside the petri dish (carbon discs facing 
upwards). Four carbon discs were used so that the results of each disc could be cross­
compared to ensure that a similar level of coverage was found on each disc (i.e. the 
method was valid).
The area surrounding the discs was covered in double-sided sticky tape. The 
protective material on each disc was carefully removed using a pair of fine-tipped 
forceps and the lid was immediately taped in place until the beginning of the sample 
time.
On the selected sample surface, the lid could be removed (date and time recorded), the 
adhesive discs left exposed to the atmosphere for the desired period of time (e.g. one 
week) and the lid then taped back in place. The double-sided tape around the carbon 
discs is designed to prevent dust settling 011 the rest of the dish from contaminating 
the discs.
For evaluation, the carbon discs are carefully removed from the backing material 
using a pair of fine stainless steel forceps. To minimise disturbance of the dust, the 
edge of the carbon disc is gripped with the forceps and the backing peeled from 
underneath, keeping the disc level. The carbon discs are then stuck an aluminium 
electron microscope stub (in both cases in a dust-free environment).
Evaluation of the sample is performed as quickly as possible. The stubs are coated in a 
gold sputterer and imaged under a scanning electron microscope (in this case, a R. J. 
Lee Instruments Personal SEM was used). For all the images viewed, the 
magnification and beam voltage is kept constant. For example, 15kV beam at a 
magnification of 1 OOx.
Printing the images and counting the number of dust particles in a given area could 
facilitate analysis of the images. For this purpose, an acetate sheet is prepared with a 
scaled grid calibrated to 100pm x 100pm squares (calibration only for images printed 
while in lOOx magnification mode).
107
A diagram of the sampler for use with electron microscopy is shown in Figure 13 
below:
Figure 13 - Gravity Sampler (Petri dish / adhesive discs)
For regular optical microscopy, a standard glass microscope slide was used. In this 
case, without the restriction of support media, the slide itself could be coated with a 
suitable adhesive medium.
One of the key aspects of the adhesive medium is that it should be compatible with all 
the different components of dust. A problem with domestic surface dust is that it is 
composed of a number of components of different physical and chemical nature.
A micro-structural evaluation of a representative dust sample performed by Dr.
Ashley Wilson of the University of York identified the following structures in 
descending order of concentration (Evaluation performed under scanning electron 
microscope, transmission electron microscope and conventional optical microscope -  
Table 2.3):
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Table 2.3 -  Results of Microstructural Study on House Dust
Primary Components:
- M an-m ade fibres, coloured 
and uncoloured.
- Human skin (stratum  corneum ).
- N atural fibres (plant origin).
Secondary Components:
- N atural fibres (anim al hairs and wool)
- Crystalline particles, organic and 
inorganic.
- Heterogeneous, non-crystalline/crystalline, 
am orphous particles, organic (e.g. hum ic 
m aterial) and inorganic.
- Plant debris (m ainly cellulose cell wall).
- Fungal hyphae and spores.
- N on-fibrous plant parts, i.e. pollen grains, 
siliceous trichom es.
A typical dust sample is show in the two following scanning electron microscope 
(SEM) images at two different magnifications (Figures 14 & 15).
Figure 14 -  Low Magnification SEM Image of House Dust
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Figure 15 -  Higher Magnification SEM Image of House Dust
Thus, within a single sample, there are numerous organic and inorganic components. 
This will influence the choice of displacement medium, as some of the components 
will be incompatible with fluids of certain chemical types.
The adhesive medium should be of a type that readily captures all the components of 
dust, is safe for use (given that it will be in a potential skin contact situation in the test 
homes) and clear to allow for microscopy. Previous research using open petri dish 
(OPD) methods have mainly focused on the capture of mould and fungal propagules 
(Verhoeff, 1990 & 1994). Thus, the capture medium has generally been optimised for 
culture purposes and are usually gelatin-type materials or agars (Verhoeff, 1990). 
Observations in the laboratory, however, demonstrate that such media do not allow for 
the capture of all settled particles. The adherence of the media is not optimal and there 
is a tendency for fungal growth over time.
110
Using a representative sample of house dust, compatibility with a number of common 
materials was investigated, with the following key conclusions (Table 2.4):
Table 2.4 — Chemical Compatibility of House Dust
fM ate^iaU ^ A. TA r i f  jfc * A * ^Observation ' ;’'W-
Demonised Water Dust initially floated on surface. Over time (one 
hour), some components were wetted and sank. Other 
fractions (including fine particles) remained on the 
surface).
Ethanol Most of the dust immediately sank but there was a 
thin layer of fine material that remained on the 
surface for a while. Applying agitation caused this to 
be wetted.
Isoparaffmic solvent (Isopar 
G — Exxon Chemicals)
Most of the dust immediately sank but there was a 
thin layer of fine material that remained on the 
surface for a while. Applying agitation caused this to 
be wetted.
Gelatin The dust mainly sat on the surface. Heavy particles 
demonstrated some penetration. Most of the dust was 
not wetted and was free to be blown from the surface
Mineral oil Most of the dust immediately sank but there was a 
thin layer of fine material that remained on the 
surface.
Silicone fluid lOOcst 
viscosity (Dow Corning 200 
fluid)
The dust initially sat on the surface but most was 
quickly wetted. There was a thin layer of fine 
material that remained on the surface.
Silicone fluid 5cst viscosity Most of the dust immediately sank but there was a 
thin layer of fine material that remained on the 
surface for a while. Applying agitation caused this to 
be wetted.
Silicone fluid lOOcst with 
silicone betaine surfactant 
(Tegopren 7008) 50:50 ratio
All components of the dust immediately penetrated 
the fluid.
For this experiment, a 50:50 combination of 100-centistoke-silicone fluid and silicone 
betaine surfactant (Tegopren 7008 from T. IT. Goldschmidt) was used. This 
combination has been found to encourage the entrapment of particles with greatly 
varying levels of hydrophobicity and hydrophilicity. The layer was also mobile 
' enough to apply to the film and was seen to form an even layer (self-levelling) with no 
evaporation or bio-contamination. For ease of observation under the microscope, the
111
adhesive medium was applied to a microscope slide; however, it could have been 
applied directly to the petri-dish. The slide was adhered to the plastic petri dish using 
double-sided tape. Five drops of the mixture were applied to the centre of the slide 
and spread evenly over the surface with a plastic dropping pipette. The petri dish was 
covered until required.
For evaluation, the slide is removed and evaluated under an optical microscope fitted 
with a suitable graticule and a video camera. Because the adhesive medium is fluid, a 
cover slip should not be used as it will cause the dust to flow outwards, affecting the 
natural distribution. Given that the adhesive medium is still “active”, evaluation of the 
slide should be performed under dust-free conditions and as quickly as possible after 
the sampler is returned. The number of particles per unit area is measured by counting 
the number of dust particles per unit areas.
This can be facilitated by inputting the image from the video camera into a computer 
equipped with image analysis software. The image is converted into a two-tone grey 
(i.e. black and white) so that the dust particles are in stark contrast to the white 
backing. The number of black areas can then be automatically counted.
The only drawback with this method is that it does not allow for clusters of particles 
or agglomerates. Where there is significant agglomeration of particles, the image 
should be assessed manually.
Manual counting can still be facilitated with the computer as the image with the 
overlaid graticule can be captured and printed out. Any distortion of the image during 
this process will be reflected in the image of the graticule so that it is not important.
A diagram of the sampler for use with optical microscopy follows in Figure 16:
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Microscope Slide
Double-sided tape
Figure 16 — Gravity Sampler (Petri dish / adhesive slides)
I Silicone layer
Petri dish j
J
For the field sampling of dust, the optical microscopy samplers were selected as a 
result of their greater accuracy (see 3.3.2. for calibration results of gravity samplers & 
3.3.3. for in-home results).
2.4.6 Use of dust cabinet to generate standard curve for 
interpretation of gravity sampler results
The two types of gravity sampler described above both provided information on the 
number of particles settling per unit area and can be used to get some idea of the 
composition of the settled dust. However, this information, in this form, was not 
particularly easy to relate back to the rate of settling. In order to be able to estimate 
settling rate, a method was required to deduce the correlation between particle density 
and mass.
The environmental dust chamber (as described in 2.3.3.) could be used to deliver a 
known quantity of dust in an even distribution over a test surface. This could be used 
to calibrate die gravity dust samplers by introducing dust at a known level (thus, with
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a known mass per unit area) and correlating the mass per area to a particle density per 
area.
For this study, surface dust was collected from a number of domestic locations 
(selected for a wide variety of locations, number of occupants, presents of pets & 
smokers, etc.) and mixed together to form a stock “surface” dust. This was done to 
ensure that the dust used to calibrate the samplers was as close in composition to the 
dust that was to be measured in the field.
Although the environmental dust chamber had already been demonstrated to provide 
an even distribution of dust, this experiment requires accurate knowledge of the mass 
per unit area. Thus, the procedure was a modification of that used to calibrate the 
cabinet itself. The difference was that, as well as the wood veneers used to collect dust 
for mass measurement, examples of the petri-dish gravity samplers were also exposed 
to the atmosphere to collect settling dust. This presented a problem in that the method 
of operation of the cabinet requires the circulation of dust. If the sampler were 
exposed while the dust was still being circulated, it would most likely attract a far 
greater amount of dust than would eventually settle, in that the adhesive layer would 
trap passing dust. To prevent this happening, the sampler was only exposed to the 
atmosphere once circulation has been stopped, which was where the glove-box feature 
became important. The operator could quickly remove the lid of the sampler at the 
moment of deactivation of the fan. Thus, the procedure was as follows:
1 -  A number of sections of wood veneer were pre-weighed and the surface area of 
each measured.
2 -  The dust to be introduced was pre-weighed (approximately O.lg of mixed surface 
dust) and placed on the sample platform.
3 -  A closed gravity surface sampler was placed in the cabinet and the sash lowered. 
One glove was placed in each of the appropriate orifices and checked to ensure a 
complete seal.
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4 -  The fan was activated, drawing air into the chamber and blowing the dust from the 
platform.
5 -  Circulation was continued for one minute.
6 -  The operator used one of the gloves to take hold of the sampler lid. The fan was 
deactivated and the lid of the sampler removed to expose the adhesive slide.
7 -  The operator carefully (slowly) removed their hand and the dust was allowed to 
settle for a recorded length of time (2 hours).
8 -  After the settling time, the lid of the sampler was replaced.
9 -  The veneer samples were carefully removed (ensuring no dust was disturbed) and 
re-weighed.
10 -  The gravity sampler was removed and a number of representative areas viewed 
under the optical microscope to get the average particle density.
11 -  The procedure was repeated for differing levels of initial dust using fresh 
samplers.
12 -  Particle density was plotted against settled mass to form a calibration curve.
The results of the calibration experiments are shown in section 3.3.2.
2.5 Estimation of the Density of House Dust
One of the key functions of the environmental dust chamber is to be able to perform 
air particle counting experiments to monitor dust release from a surface during 
dusting. The apparatus used for this purpose employs an optical counting method 
(particles are passed through a laser and, depending on their size, cause diffraction of 
the beam onto an array of detectors. The device counts the number of “hits” on the 
detectors. The air flow of the device is similar to the rate of human respiration and the 
particle size band that can be measured accounts for particles that are respirable and 
that will travel significantly into the lungs (25 microns and smaller).
It is desirable to be able to convert the particle distribution measured by such 
experiments into a mass (see Table 2.4). Before this can be done, some basic 
properties of the dust need to be identified. By the nature of the air particle counter, it
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is impossible to determine the mass of the airborne dust directly so it needs to be 
estimated.
The mass of a solid can be determined without weighing if the volume and density are 
known:
Mass m (g) = Volume v (cm3) x Density p (gem'3)
The total volume of the sample can be estimated. The number of particles in each of 
50 size bands (0.5pm -  25.0pm in 0.5pm divisions) is measured on the air particle 
counter. If the assumption is made that the particles are of uniform diameter within 
each of these bands and perfectly spherical (this will be discussed further in 2.6.2) 
then the total volume of the sample can be calculated. What is needed is an estimation 
of the bulk density of house dust.
There are a number of methods for measuring densities of a solid but the most 
common one is by displacement of a liquid in a volumetric flask. Given the 
composition of dust and its incompatibility with some fluids (see 2.4.5), careful 
selection of displacement medium is needed. It should also be considered that some 
components of the dust might be soluble in certain solvents so a number of different 
media should be employed to confirm the results.
To double-check the method, the experiment is normally repeated on a solid of known 
density (in this case, iron powder).
2.5.1 Preparation of sample
The air particle counter only measures particles up to 25 pm in diameter so the first 
step is to filter the dust down. Representative samples of surface dust were collected 
from a number of domestic sources using a modified vacuum cleaner (with a 
collection chamber in the suction pipe fitted with a micro-pore filter). The dust 
samples were combined to form a “stock” house dust.
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A portion of the stock dust was removed as a control (sample 1). The rest was sieved 
through a 25 pm mesh. The portion remaining on the mesh was also retained (sample
2) and the material passing through the mesh collected (sample 3). The purpose of the 
three samples was to see if there was any difference in density of the smaller fraction 
in comparison to the larger portion and the bulk sample.
2.5.2 M easurement of density
The procedure for the measurement of the density was as follows:
1 -  A 100/110ml graduated volumetric flask was carefully cleaned and dried.
2 -  The flask was filled to the first mark carefully with the displacement fluid. The 
flask and fluid were maintained at the correct temperature to which the flask had been 
calibrated (20°C).
3 -  The flask was stoppered to prevent evaporation and weighed accurately (three 
decimal places) -  mass #1.
4 -  Carefully, dust was added (taking care that no dust adhered to the flask surface 
above the line of the second graduation). The dust was introduced in small amounts, 
each amount being allowed to sink to the bottom before further dust was introduced. 
This prevented the formation of a “clot” and allowed for the release of any trapped air. 
Addition was maintained until the fluid level reached the second graduation.
5 -  The flask was again stoppered and re-weighed -  mass #2.
6 -  The flask was cleaned and the process repeated using different dust samples & 
different displacement media.
7 -  In addition to the dust samples, the procedure was also performed replacing the 
dust with the displacement medium itself as a second control.
This procedure gave an accurate mass for ten cubic centimetres of dust; the density 
was calculated using the following formula:
Density, p (gcnT3) = mass #2 (g) -  mass #1 (g)
10
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To be confident of accuracy, the density of the control solids and fluids should agree 
with literature figures within a fraction of a percent.
2.6 Measurement of Airborne Dust
2.6.1 Use of Air Particle Counting
It is generally accepted that only particles below a particular size (approximately 20- 
25 microns) will get past the nose and upper airways, and even smaller particles (<10 
microns) can enter the inner respiratory system (Spurney, 1996). The number of 
particles within an airborne sample can be measured using laser counting techniques 
and such techniques are frequently used to monitor airborne particles in industrial 
situations such as airborne dusts in cement works. These devices use laser diffraction, 
or Low Angle Laser Light Scattering (LALLS). When a particle is passed through the 
path of a laser beam it scatters the laser light at an angle inversely proportional to the 
size of the particle. The laser beam is surrounded by an array of photosensitive 
detectors which pick up the scattered light and, by means of a series of mathematical 
calculations, provide an output of particle numbers by particle size (Rawle, 1999). For 
house dust, it is known that the finer dust particles have the longest dwell-time in the 
air and it is these that are most significant for the exposure towards allergy.
Devices, such as the Malvern APC 3 00A air particle counter, can be used to monitor 
airborne dust, in this case, respirable particles after dusting of a surface. This can be 
done in two ways. First of all, it is possible to transport the air particle counter to a 
location (such as a test subject’s home) and monitor the atmosphere in-situ. The other 
option is to use the counter in conjunction with a test chamber (i.e. Dust Chamber -  
section 2.3.3.) for simulated and controlled dusting experiments.
2.6.2 Estimation of Respirable Mass from Particle Counts
The air particle counter provides information of number of particles over the range 0.3 
-  25.0 microns (counted in 50 particle size bands in 0.5-micron divisions). In itself, 
this data can be used for monitoring and comparative purposes but it would be more 
useful to have an estimation of the mass being measured.
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If a number of assumptions are made, the mass can be estimated. The first assumption 
is that all the particles measured within each size band are spherical. The second is 
that all the particles within a given size band have a diameter that is the average of 
that size band. Finally, it is assumed that all the particles are of equal density and are 
solid.
The bulk density of the fine fraction of house dust can be measured using 
displacement experiments (section 2.5.2.). Thus, if the diameter is “known” and the 
shape assumed to be spherical, the mass of each particle is given by the formula:
mass m (g) = density p (gem'3) x volume v (cm3)
The volume of each particle is given by 4/37xr3. Thus, for a particle within a given 
particle size band on the Malvern APC 300A of d microns, the volume (in cm) would 
be:
4/37x(d/2) 3 where d = diameter of particle (particle size band)
To get the total mass of the recorded sample, the sum of all the particle size bands is 
calculated, i.e.
®  total ^ tU o .5 micron ”F  micron "F . •. • • S ill 25 q micron
To compare the estimated value of mass to a sample of known mass, a weighed 
sample of dust of <25 microns is introduced into the air particle counter using the 
following procedure:
1 -  A representative sample of fine dust was collected from a number of vacuum bags 
and sieved through a 25 micron mesh.
2 -  From the sieved sample, 0.00lg was weighed accurately using a four decimal
place analytical balance.
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3 -  Using the apparatus below (Figure 17 below), the sample was slowly introduced 
into the sample port of the Malvern APC 300A (over a period of five minutes so as 
not to overload the count capabilities).
4 -  Once sampling was complete, a spectrum of particle counts was taken from the 
Malvern and the estimated mass calculated using the formula above. The difference 
between the estimated mass and measured mass was then calculated.
5 -  Repeat samplings were performed using representative dust samples to further 
refine the calculation.
Figure 17 -  Device for introducing dust into Air Particle Counter
The airflow passed through a zero particle filter (the calibration filter for the Malvern 
APC 3 00A) so that there was no contamination of sample with atmospheric dust. The 
dust sample was contained within an earthed aluminium tube so that there was no 
adherence of dust to the tube through electrostatic charge. It also helped dissipate any 
charge in the dust sample itself. The ultrasonic vibrator was of the type used in 
ultrasonic toothbrushes. It was used to agitate the tube and release small amounts of 
dust into the airflow.
Once the difference between measured and calculated mass had been estimated the 
calculation could be modified to include a correction factor to allow for the non- 
spherical nature of the particles and non-uniform diameter & density. Thus, the 
equation was modified with this correction factor thus:
^total c^orrection ^  (^"'^0.5 micron Z U I  1.0 micron  S i l l  25.0 micron)
120
This allowed for particle counts to be converted to mass with some degree of 
confidence at the accuracy and thus provides a method for estimating the mass of 
small numbers of airborne particles. The results of the calibration tests with the APC 
are shown in section 3.5.1.
2.6.3 Measurement of the mass of respirable dust released during 
dry dusting
There are two ways to measure the mass of dust during dry dusting by the air particle 
counting method. The first is to perform direct measurements in a domestic 
environment. This has the drawback that much of the disturbed dust will not be 
sampled and there is the probability of random air circulation within the environment 
to make reproduction of results impossible. The other technique, which is reported 
here, was to use the standard dust cabinet in conjunction with the Malvern APC 
300A. The set-up of the apparatus is as follows in Figures 18 and 19:
Figure 18 - Set-up of Dust Chamber -  Air Particle Counting (Dry
Dusting)
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Figure 19 -  Set-up of Dust Chamber -  Air Particle Counting (Actual
Appearance)
The principle of this method is to use the dust chamber to seed the test surface with a 
distribution of dust appropriate to the amount that would be present during a 
“normal” dusting task. The benefit of this is that repeat tests can be performed using 
reproducible layers of dust. The chamber also allows for the elimination of random 
air circulation during the dusting action. Dusting is performed using the gloves 
inserted in the front sash so that the atmosphere and settled dust is not disturbed. The 
duster to be used is contained within a small sealed container on one edge of the 
chamber (so that it is not contaminated with dust during the dust settling process).
The procedure for running the experiment is as follows:
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1 -  Before use, ensure that the cabinet is thoroughly cleaned to remove any dust from 
previous experiments.
2 — Ensure that the test surface is also clean and free of contamination.
3 -  Place the test panel inside the cabinet.
4 -  Place a clean duster in the protective container and place it to one side of the test 
surface.
5 -  Pre-weigh an appropriate amount of dust and place it centrally on the metal 
platform. (Alternatively, retain it for direct introduction through the fan). (Note: For 
frequent dusting, the mass per unit area should be approximately 5x10‘6 g.cmf2, for 
infrequent dusting the mass per unit area should be approximately 5x1 O'5 g.cm'2)
6 -  Lower the sash and plug all the holes. (Note: There is sufficient leakage to 
equalise pressure while not interfering with airflow).
7 -  With the fan set to the inflow setting, set the speed to the highest level and start 
the fan.
8 -  If introducing the dust via the fan, remove the filter unit, introduce the dust slowly 
then replace the filter unit.
9 -  Allow dust circulation to continue for 60 seconds.
10 -  Deactivate fan and allow dust to settle for the appropriate amount of time (see 
section 3.2.1).
11 -  After the dust has settled, remove the bung from the upper small central hole in 
the sash and insert the inlet pipe of the Malvern APC 3 00A. Also remove the plugs to 
the glove holes and insert the gloves.
12 -  Allow the chamber to stand for ten minutes so that any slight disturbance of dust 
can settle.
13 -  Sample the atmosphere in the chamber using the Malvern APC 300A for five 
minutes to record the background atmospheric count. Record also the ambient 
temperature and humidity.
14 -  Using the gloves, remove the duster from the container (carefully to prevent 
disturbing the dust on the lid of the container).
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15 ~ Start sampling with the APC 300A (an assistant will be required for this). 
Sampling should be programmed for an appropriate length of time (for example, five 
minutes).
16 -  Once sampling has commenced, begin dusting the surface. This should be done 
using a “normal” dusting action.
17 -  Once dusting is complete (i.e. the surface visually free of dust), carefully set the 
duster down and remove hands from the gloves. Leave the chamber until sampling has 
stopped.
18 -  Repeat sufficient times at both low and high initial dust levels for statistical 
significance.
The procedure should be repeated a number of times to get statistically significant 
numbers as there will be considerable variation as a result of differences in the method 
of dusting. The procedure should also be conducted a number of times without dust 
present to investigate the amount of airborne particulate matter released by the clean 
duster itself (i.e. fibre fragments and other materials that may be present). When 
presenting the results in terms of mass of dust released, the data should be corrected 
for background count and duster so that the figure quoted represents only the increase 
in airborne dust.
2.6.4 Investigation of the effect of surface type
As it has been discussed earlier, the type of surface can potentially influence the 
degree to which dust is released to the atmosphere. In some cases, there may be a 
triboelectric charge effect between the duster and the surface. Triboelectricity (or 
frictional electricity) is defined as:
“the electric charge produced by rubbing together two dissimilar substances ” (Pitt, 
1982).
• The triboelectric series gives an indication of which materials are sufficiently different 
to encourage such electrostatic charge generation (Table 2.5)
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Table 2.5 -Triboelectric Series
Charge properties Material
Acquires a more positive charge (+)
A
V
Acquires a more negative charge (-)
Asbestos 
Rabbit Fur 
Acetate 
Glass 
Human Hair 
Nylon 
Wool / Fur 
Silk 
Paper 
Cotton 
Wood 
Sealing Wax 
Copper 
Brass / Stainless Steel 
Acrylic 
Polyurethane 
Polyester 
Polyethylene 
Polypropylene 
PVC 
Teflon 
Silicone Rubber
Typical surfaces that will be found in the home are as follows:
© Wood (with a urethane or nitro-cellulose lacquer) 
© Formica® (or similar laminate)
© Plastic (PVC, Acrylic)
© Glass
Wood can be constructed in various ways but the important feature with respect to 
dusting is that the surface being exposed to the dust has been finished with a coating 
treatment. These take various forms. Most are clear and there are several common 
types. Older furniture will probably be coated with Shellac, a natural gum secreted by 
the Lac bug in southern Asia. More modern furniture may have nitro-cellulose resin- 
based lacquers whereas it has become common in recent years to use a variety of 
synthetic varnishes (resins carried in a solvent or water-based system) such as 
urethane or acrylic (Hoadley RB. 1992).
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Formica® or similar types of surface are generally composed of melamine- 
formaldehyde resin-soaked boards and have a paper-thin design layer laminated to a 
core of wood pulp soaked in resin. The laminates are topped with a highly durable 
wear layer (which is usually pure resin). Because the pattern in this type of surface is 
composed of a printed sheet of paper, it can theoretically be of any design. Practically, 
however, these types of surfaces are either made in block colours or are designed to 
resemble other surfaces such as wood or marble. Much of the “wooden” furniture in a 
home may in fact be of such melamine-formaldehyde resin boards. Most Formica® 
brand laminates have a foil layer, which is designed to draw heat away from hot items 
placed on the surface but may also aid the dissipation of static charge. Other 
manufacturers do not employ this technique.
There are a number of plastics used in furnishings and appliances but the most 
common are those found in electrical appliances such as polyvinyl chloride, 
polypropylene and acrylic.
Glass is often utilised in conjunction with wood to make furniture (e.g. glass panels in 
cabinets or glass tabletops). Glass is also found in the domestic environment in doors, 
windows and mirrors. A particular* area of high dust collection is 011 TV and computer 
monitor screens, where the glass tube is subjected to high electrostatic fields, which 
attract dust from the air. The measurement of the electrostatic properties of the various 
surface types is discussed in section 2.9.
The experimental method is similar for that used for dry dusting and is as follows:
1 -  Before use, ensure that the cabinet is thoroughly cleaned to remove any dust from 
previous experiments.
2 -  Ensure that the test surface is also clean and free of contamination. Test surfaces 
composed of different materials are cut to the same dimensions (one used in each set 
of experiments).
3 — Place the first test panel inside the cabinet.
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4 -  Place a clean duster in the protective container and place it to one side of the test 
surface,
5 -  Pre-weigh an appropriate amount of dust and place it centrally on the metal 
platform. (Alternatively, retain it for direct introduction through the fan).
6 — Lower the sash and plug all the holes. (Note: There is sufficient leakage to 
equalise pressure while not interfering with airflow).
7 -  With the fan set to the inflow setting, set the speed to the highest level and start 
the fan.
8 -  If introducing the dust via the fan, remove the filter unit, introduce the dust slowly 
then replace the filter unit.
9 -  Allow dust circulation to continue for 60 seconds.
10 -  Deactivate fail and allow dust to settle for the appropriate amount of time.
11 -  After the dust has settled, remove the bung from the upper small central hole in 
the sash and insert the inlet pipe of the Malvern APC 300A. Also remove the plugs to 
the glove holes and insert the gloves.
12 -  Allow the chamber to stand for ten minutes so that any slight disturbance of dust 
can settle.
13 -  Sample the atmosphere in the chamber using the Malvern APC 300A for five 
minutes to record the background atmospheric count. Record also the ambient 
temperature and humidity.
14 -  Using the gloves, remove the duster from the container (carefully to prevent 
disturbing the dust on the lid of the container).
15 -  Start sampling with the APC 300A (an assistant will be required for this). 
Sampling should be programmed for an appropriate length of time (for example, five 
minutes).
16 -  Once sampling has commenced, begin dusting the surface. This should be done 
using a “normal” dusting action.
17 -  Once dusting is complete (i.e. the surface visually free of dust), carefully set the 
duster down and remove hands from the gloves. Leave the chamber until sampling has 
stopped.
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18 -  Repeat sufficient times at both low and high initial dust levels 011 each surface 
type for statistical significance.
2.6.5 Investigation of the effect of surface treatment 
The procedure is again similar for those performed to investigate dry dusting. In this 
case, however, the panel used is pre-treated with several types of furniture product in 
order to investigate the effect on the dust released. Three types of polish and cleaner 
were used:
1) Regular silicone polish (Pledge (UK formula) -  S.C. Johnson Wax) -  oil-out 
silicone emulsion.
2) Dusting aid (Pledge® Clean and Dust® (UK formula) -  S.C. Johnson Wax) -  
water-out silicone emulsion.
3) Wax polish (S.C. Johnson Paste Wax (US formula)) -  solvent-borne paste wax.
4) Glass cleaner (Mr. Muscle® Window Cleaner -  S.C. Johnson Wax) -  alcohol 
based aqueous cleaner.
The procedure for testing was as follows (all performed on lacquered wood panels so 
as to allow comparison with dry dusting experiments):
1 -  Before use, ensure that the cabinet is thoroughly cleaned to remove any dust from 
previous experiments.
2 -  Ensure that the wooden test surface is also clean and free of contamination.
3 — Treat the test panel with one of the four products according to the manufacturer’s 
usage instructions and leave to stand for one hour for any residual solvent to 
evaporate.
4 -  Place the test panel inside the cabinet.
5 -  Place a clean duster in the protective container and place it to one side of the test 
surface.
6 -  Pre-weigh an appropriate amount of dust and place it centrally on the metal 
platform. (Alternatively, retain it for direct introduction through the fan).
7 -  Lower the sash and plug all the holes. (Note: There is sufficient leakage to 
equalise pressure while not interfering with airflow).
8 -  With the fan set to the inflow setting, set the speed to the highest level and start 
the fan.
9 -  If introducing the dust via the fan, remove the filter unit, introduce the dust slowly 
then replace the filter unit.
10 -  Allow dust circulation to continue for 60 seconds.
11 -  Deactivate fan and allow dust to settle for the appropriate amount of time.
12 -  After the dust has settled, remove the bung from the upper small central hole in 
the sash and insert the inlet pipe of the Malvern APC 3 00A. Also remove the plugs to 
the glove holes and insert the gloves.
13 -  Allow the chamber to stand for ten minutes so that any slight disturbance of dust 
can settle.
14 -  Sample the atmosphere in the chamber using the Malvern APC 300A for five 
minutes to record the background atmospheric count. Record also the ambient 
temperature and humidity.
15 -  Using the gloves, remove the duster from the container (carefully to prevent 
disturbing the dust on the lid of the container).
16 -  Start sampling with the APC 300A (an assistant will be required for this). 
Sampling should be programmed for an appropriate length of time (for example, five 
minutes).
17 — Once sampling has commenced, begin dusting the surface. This should be done 
using a “normal” dusting action.
18 -  Once dusting is complete (i.e. the surface visually free of dust), carefully set the 
duster down and remove hands from the gloves. Leave the chamber until sampling has 
stopped.
19 -  Repeat sufficient times at both low and high initial dust levels for statistical 
significance.
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2.6.6 Wet versus dry dusting
For this set of experiments, the surface was prepared as in the procedures above but in 
this case, the duster was treated with water, and subsequently with furniture polish to 
investigate the effect of wet dusting on airborne dust. The act of spraying a can of 
polish generates airborne particles that the Malvern APC 300A will detect so 
treatment of the cloth had to be done outside of the sample chamber. The method was 
modified as follows
1 -  Before use, ensure that the cabinet is thoroughly cleaned to remove any dust from 
previous experiments.
2 -  Ensure that the test surface is also clean and free of contamination.
3 -  Place the test panel inside the cabinet.
4 — Place a clean duster in the protective container outside of the cabinet. Place also 
either an aerosol can of appropriate polish or a trigger sprayer of where it can be 
readily reached.
5 ~ Pre-weigh an appropriate amount of dust and place it centrally on the metal 
platform. (Alternatively, retain it for direct introduction through the fan).
6 -  Lower the sash and plug all the holes. (Note: There is sufficient leakage to 
equalise pressure while not interfering with airflow).
7 -  With the fan set to the inflow setting, set the speed to the highest level and start 
the fan.
8 -  If introducing the dust via the fan, remove the filter unit, introduce the dust slowly 
then replace the filter unit.
9 -  Allow dust circulation to continue for 60 seconds.
10 -  Deactivate fan and allow dust to settle for the appropriate amount of time.
11 -  After the dust has settled, remove the bung from the upper small central hole in 
the sash and insert the inlet pipe of the Malvern APC 3 00A. Also remove the plugs to 
the glove holes and insert the gloves.
12 -  Allow the chamber to stand for ten minutes so that any slight disturbance of dust 
can settle.
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13 -  Sample the atmosphere in the chamber using the Malvern APC 300A for five 
minutes to record the background atmospheric count. Record also the ambient 
temperature and humidity.
14 -  Remove the duster from the container and spray an appropriate treatment of 
polish or water onto the cloth. Raise the sash slightly (and slowly) to allow the treated 
cloth to be introduced into the sample area.
15 -  Start sampling with the APC 300A (an assistant will be required for this). 
Sampling should be programmed for an appropriate length of time (for example, five 
minutes).
16 -  Once sampling has commenced, begin dusting the surface. This should be done 
using a “normal” dusting action (wet side down). If usage instructions require, the 
cloth should be turned halfway through the dusting action to “buff’ the polish.
17 -  Once dusting is complete (i.e. the surface visually free of dust), carefully set the 
duster down and remove hands from the gloves. Leave the chamber until sampling has 
stopped.
18 -  Repeat sufficient times at both low and high initial dust levels for statistical 
significance.
2.7 Measurement of the Allergen Content of House Dust 
The research laboratories of S. C. Johnson Wax were not equipped for some of the 
ELISA assay work required. For this reason, these assays were contracted to external 
testing laboratories.
2.7.1 Collection of samples for analysis
Dust was sampled from all the locations being used for settling rate studies (see 
2.4.1). In each case, dust was sampled from both the carpet & from suitable surfaces.
For the carpet dust sample, the contents of the respondent’s vacuum cleaner bag was 
sieved through a 100-micron mesh and the resultant fine material used for assay 
purposes. For the surface dust, a vacuum sampler was used (see 2.4.3) to collect a 
suitably large sample from representative surfaces in the home. Given the small
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amount of settled dust, this sample represents the dust collected from a wide variety of 
hard surfaces and locations.
Once collected, samples were frozen until the time of assay to prevent breakdown of 
the allergen content (de Boer, 1995). Sampling was performed September 1997 &
May 1998.
2.7.2 Use of test kits to determine presence of dust mites
Two types of commercially available semi-quantitative test kits were used to test for 
the presence of dust mites. There were:
Acarex® -
This test is designed to measure by semi-quantitative means the guanine content of 
house dust. The Acarex® test kits are (at the time of research) as manufactured by 
Allergophanna Joachim Ganzer KG, Hermann-Korner-Str. 52, 21462 Reinbek, 
Germany. The kit is made up of the following contents:
o Aluminium sachet containing test fluid (1.2ml (1063mg) -  including 39mg
potassium hydroxide and 768mg methanol). Each packet as sold contains ten such 
sachets.
o Test strip (contained in an air-tight tube -  ten strips per packet as sold). 
q Measuring spoon. 
q Colour scale, 
o Instructions, 
o Fine dust collector.
o Plastic packaging incorporating an indentation for dust / test fluid mixing.
See also Figure 4 in section 1.6.2.
The procedure for performing the Acarex® test, take from the kit instructions, is as 
follows:
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1) Vacuum the appropriate surfaces to be tested (e.g. carpet, upholstery, etc.) using a 
new vacuum bag. It is recommended to vacuum each area for at least 2 minutes 
per square meter.
2) Carefully remove the dust from the vacuum bag ensuring that the fine particulate 
matter is retained, as this is the portion to be tested. Separate the large particles 
and fibres and discard. (Note: Later versions of the Acarex kit are provided with a 
fine dust collecting tube that is inserted in the suction tube of the vacuum cleaner 
to automatically collect dust).
3) Using the provided measuring spoon, scoop a heaped spoonful of fine dust and 
place it in the test cavity of the package lid.
4) Carefully open one of the aluminium test fluid bags (using scissors) and empty the 
entire contents onto the dust in the test cavity.
5) Mix the dust and test fluid together (the handle of the measuring spoon can be 
used for this).
6) Remove a detection strip from the vial (the vial should be kept closed at all times 
apart from strip removal, as the strips are very reactive).
7) Immediately dip the end of the strip with the detection pad into the dust / test fluid
mixture and remove. Scrape any excess dust off of the strip.
8) Compare the colour immediately with the provided colour scale and note the 
result.
The colour scale is calibrated in terms of non, low, medium and high mite infestation,
with increasing intensity of colour with increasing mite levels.
Aclotest™ -
The Aclotest™ kits are manufactured by Laboratorio Farmaceutico Lofarma s.r.h,
Viale Cassala 40, 20143 Milano, Italy (distributed by ALO Laboratories, Inc,
Columbus, OH 43211, USA). The kit is made up of the following contents:
© A reactive strip (under a protective air-tight covering).
. © A plastic tube containing freeze-dried reagent.
© A plastic vial of distilled water.
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o A plastic dosing spoon. 
q Instructions with appropriate colour chart.
o A depression in the plastic packaging for insertion of the plastic tube during the 
test.
See also Figure 5 in section 1.6.2.
The procedure for performing the Aclotest™, taken from the kit instructions, is as 
follows:
1) Collect a dust sample from the area to be assessed either by vacuuming (using a 
new vacuum bag) or sweeping. In each case, the fine dust should be separated for 
use in the test.
2) Reagent tube is opened and the end of the plastic vial containing distilled water 
removed. The water is poured into the reagent tube. The tube is re-sealed.
3) After a few seconds, the mixture in the tube is stirred by inverting the tube.
4) The dosing spoon is used to collect a sample of fine material from the collected 
dust (spoon filled up to the rim).
5) The dust sample is placed in the reagent tube and stirred for 30 seconds by 
inverting the sealed tube. The tube is then stood in the circular recess of the 
package.
6) The reactive strip is removed from the package and the white square end dipped 
into the mixture of test fluid and dust. It is left for approximately one hour.
7) After one hour, the reactive strip is removed and rinsed under tap water.
8) If there is a circular spot on the reactive strip, the colour is compared to the colour 
chart in the instruction sheet.
The colour scale is calibrated in terms of negative, weakly positive (0 .5 -2  
micrograms per gram of dust mites in dust) and strongly positive (above 2 
micrograms per gram of dust mites in dust), with increasing intensity of colour with 
increasing mite levels.
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2.7.3 Allergen determination
Determination of allergen content was performed by Larry G. Arlian, Ph. D Wright
State University, Ohio, USA between November 1997 and June 1998, using the
following protocol:
Assay performed for the following allergens: Der f  1, Der p 1, Der 2 (group 2), Can f
1 and Fel d 1.
1) An aliquot of each sample was removed, weighed and diluted to 50.0mg sample in 
lOOOpl of B-PBST. Samples were vortexed and allowed to extract overnight on a 
shaker at room temperature.
2) Samples were centrifuged at 14 000 x g for 10 min and supernatants were 
collected.
3) Doubling dilutions of each sample and the appropriate antigen controls were 
performed using B-PBST. Dust sample dilutions were from Neat to 1/512.
4) Assays were performed according to the manufacturer’s protocols (monoclonal 
antibodies, biotinylated antibodies and allergen standards purchased from Indoor 
Biotechnologies, Deeside, Clwyd, United Kingdom) -  see below.
5) Standard lines were calculated for each of the assay plates. A linear regression 
analysis was performed using the values on the linear paid of the curve.
6) Only absorbances of test sample that fell in the linear range were used in the final 
calculations.
ELISA protocol (Indoor Biotechnologies — Der p i /  Der f  1):
1) Re-suspend freeze-dried mAb 5H8 (anti Der p 1) or 6A8 (anti Der f  1) in 1ml PBS 
i.e. to lOmgrnl'1. Coat polystyrene microtiter wells (Immulon II Dynatech) with 
1 pig per well of either 5H8 or 6A8 (i.e. 0.1 ml 7 100o dilution of mAb) in 50mM 
carbonate-bicarbonate buffer, pH 9.6, overnight at 4°C.
• 2) Wash wells twice with PBS/0.05% Tween 20, pPI 7.4 (PBS-T). Incubate for 1 
hour with 0.1ml 1% BSA PBS-T then wash twice with PBS-T and dry.
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3) Add 0.1ml of diluted allergen samples and incubate for 1 hour. House dust 
samples are routinely diluted two-fold from 1/10-1/80. Use doubling dilutions of a 
reference D. pteronyssinus or D. farinae extract to make a control curve. The 
control curve dilutions should contain 250 -  OAngml'1 Der p 1 or Der f  1.
4) Wash wells 5x with PBS-T, then incubate for 1 hour with 0. lml 71000 dilution of 
biotinylated 4C1 (equivalent to 16ng 4C1 antibody). This monoclonal recognises a 
common epitope on both allergens and is used as secondary antibody for both Der 
p 1 and Der f  1 assays.
5) Wash wells 5x and incubate for 30 minutes with 0.1ml 71000 dilution of 
Streptavidin-Peroxidase (Sigma S5512, o.25mg reconstituted in lml distilled 
water). The Streptavidin should be diluted in 1% BSA PBS-T. Wash wells 5x and 
develop the assays by adding 0.1ml ImM ABTS in 70mM citrate phosphate 
buffer, pH 4.2.
6) Stop the reaction after 5 minutes by adding 0. lml 2mM sodium azide or read the 
plate when the absorbance (405nm) reaches 2.0-2.4. Absorbance readings are 
directly proportional to the quantity of either Der p 1 or Der f  1 bound and values 
are interpolated from the respective control curves.
Dust samples were frozen on collection and stored in sealed sample vials until assay. 
Samples were, with one exception, only submitted from locations that demonstrated a 
strongly positive result for both the Acarex© and Aclotest™ kits. As resources for 
testing were limited, not all of the samples obtained from the test locations were 
measured. Samples were selected to be representative of the range of locations and 
also to divide between houses with and without pets.
2.8 Measurement of Dust Exposure -  Personal Dust Sampling
This method was designed to obtain an actual in-use sample of the airborne dust 
during domestic dusting. A test location was selected with a high measured rate of 
dust settling on the surface and left for a period of one week without dusting. The area 
was then dusted while sampling the area using personal environmental monitors.
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2.8.1 In-Home Measurements
For this experiment, two types of commercially available personal samplers were 
compared:
Casella AFC 124 (Casella London Ltd, Regent House, Wolseley Road, Kempton, 
Bedfordshire MK42 7JY, England)
SICC® Universal Sampling Pump 224-PCEX7 (SKC®, Unit 11, Sumise Park, Higher 
Shaftesbury Road, Blandford Forum, Dorset DTI 1 8ST, England). (Rogers, 1994). 
Both were set up such that the flow rate of air through the dust filter was appropriate 
for reproducing the human respiratory rate as far as possible. For each sampler, a 
micro-pore filter (0.8pm -  Gelman Science Metrocel® membrane filter) was used.
The procedure for sampling was as follows:
1 -  A micro-pore filter was inserted into the appropriate sampling cartridges for the 
Casella and SKC pumps. Both cartridges were placed in a silica-gel dessicator at 20°C 
for one hour to bring the filters to the same temperature and moisture content.
2 -  The filter cartridges were both weighed to 5 decimal places on an electronic 
balance.
3 -  At the test location, both cartridges were attached to the appropriate personal 
sampler and worn by the test subject such that both inlet ports were at mouth height 
(but on either side of the test subject’s head so that they do not interfere with each 
other.
4 -  With both sample pumps turned on, the test subject proceeded to dust the entire 
test area using a new clean, dry, cotton dusting cloth. Dusting included all furniture 
surfaces, shelving, electronic apparatus and any other major area where dust had 
accumulated. The test subject proceeded to dust every area that would commonly be 
dusted by the owner of the house under their normal cleaning regime.
5 -  Once dusting was complete, sampling was continued for 30minutes. The total time 
of sampling was recorded.
6 -  The filter cartridges were carefully removed and returned to the dessicator.
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7 -  Once acclimatised, the filters were re-weighed.
8 -  As a control, a second set of filters were weighed as above and placed in the 
personal samplers. These were run for the same amount of time but without dusting to 
collect background particles as a control.
2.8.2 Allergen Assay
Allergen assay on the filters was performed by John F. Halsey, Ph.D. (IBT Reference 
Laboratory, 10453 West 84lh Terrace, Lenexa, ICS 66214 USA). The filters were only 
tested for Fel d 1, selected as well-known domestic airborne allergen. The following 
protocol was used:
The filters were vortexed in borate buffer for 2 hours. Fel d 1 was measured with a 
monoclonal based enzyme immunoassay as described in the method provided by 
Indoor Biotechnologies and in the paper by Chapman MD, Aalberse RC, Brown MJ 
and Platts-Mills TAE (Chapman, 1988). Cat allergens were assayed with a proprietary 
enzyme immunoassay (ElA).
2.9 Measurement of Electrostatic Properties of Furniture Surfaces
The principle of this method is to use a corona discharge combined with an 
electrostatic voltmeter to first deposit a charge onto a surface then measure the decay 
of the deposited charge as a function of time.
The device used for these measurements was a JCI 155 Charge Decay Test Unit (John 
Chubb Instrument, Cheltenham, United Kingdom). The basic principle of this device 
is illustrated in Figure 20 below:
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Figure 20 -  Operational Principle of Charge Decay Test Unit
1 -  Corona Discharge
Electrostatic charge deposited onto test 
surface via corona discharge assembly.
2 -  Charge Decay
Corona assembly moves out o f the way to 
expose electrostatic voltmeter to charge on 
surface
Key to Diagrams
Number Description
1 Casing o f  apparatus
2 Electrostatic voltmeter
3 Corona discharge assem bly
4 Corona discharge points
5 Electrostatic discharge 
(representation).
6 Test surface
7 M echanism for m oving corona 
discharge assem bly
For the comparison of different surfaces, the traditional measurement is the charge 
decay half-life (i.e. the time in seconds for the surface charge to reach a value of half 
its initial value). There is a small time delay (a fraction of a second) as the corona 
discharge apparatus is moved aside so that it is impossible to read the surface charge 
from the absolute time zero. However, this error is ignored for practical purposes, as 
the conditions are the same for each surface.
The procedure for the measurement of the charge decay properties was as follows:
1 -  The test surface was thoroughly cleaned using water and alcohol to remove any 
surface contamination and allowed to dry thoroughly in a dust-free environment.
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2 -  Before taking the measurement, the temperature and humidity in the test area were 
measured, as these conditions will affect the electrostatic properties.
3 -  The JCI 155 Charge Decay Test Unit was placed on the test surface so that the 
corona discharge corresponded with a representative area of the surface and there was 
sufficient surface for the apparatus to stand flat.
4 -  The polarity of the discharge (positive or negative) was selected. It is usual to 
select the negative discharge.
5 -  The apparatus was set to automatically begin recording charge as soon as the 
corona discharge assembly was withdrawn. The timer was set to stop when the charge 
reached 50% of its initial value.
6 -  Repeat readings were taken on other representative areas of the test surface.
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Chapter 3: Results
3.1 Consumer Research
3.1.1 Omnibus Survey -  allergy questionnaire
The key findings of this research are summarised in Tables 3.1, 3.2 & 3.3 below 
(Brown, 1999a).
The first question covered the prevalence of allergic diseases within the respondents 
and their corresponding households. The summarised results are shown on table 3.1 
below.
From the responses given, asthma and hay fever were the most predominant 
conditions. Hay fever was found in the highest percentage of the population, 
especially if rhinitis was included in the figure. Along with asthma, the bulk of the 
reported allergic conditions were respiratory diseases. These figures are comparable 
with other prevalence studies (Brown, 1999a, UCB Institute of Allergy, 1997) which 
provide a degree of confidence on the validity of the data.
There was a significant proportion of the population that suffered from at least one 
respiratory disease and it should be noted that, while some respondents may have had 
both hay fever or asthma, many of the respondents will have had one or the other.
This means that the prevalence of respiratory allergy is somewhere between 12% -  
26% of the population (most likely around 20%). The low incidence of non-diagnosed 
reaction does not mean that those respondents did not have any kind of reaction, they 
may not have associated it with a reaction in the context of the questionnaire.
From the second question, data was obtained on the relative importance of a number 
of listed domestic allergens and irritants. The data also allowed cross comparison of 
the relative importance of each allergen / irritant with the reported allergic condition. 
The summarised results are shown on table 3.2 below.
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The two most prevalent domestic allergens (or irritants) from the list provided were 
pollen and house dust (which also included dust mites). It is important to note that the 
third highest scoring answer was “don’t know”, i.e. the respondent had not made the 
connection with their allergic condition and the causal allergen. The next answer in 
order of importance was pet dander. Thus, leaving aside the “don’t know” responses, 
the most important indoor allergens or irritants are house dust and pet dander. Pollen 
can be assumed in this context to be a constituent of house dust (demonstrated by the 
electron micrographs in section 2.3.5 -  Figures 12 & 13).
The third main question covered by the survey probed the tasks or activities that 
triggered the respondent’s allergic condition. The assumption was that these tasks 
would lead to direct exposure to one or more of the allergens reported above. The 
summarised results are shown on table 3.3:
The highest response for this question was, again “don’t know”, i.e. the respondent 
had not made the connection between their allergic condition and their domestic 
routine (or, their particular case was triggered by something not listed or obvious). Of 
those responses that indicated a causal task or activity, dusting and proximity to 
domestic pets both scored equally high and impacted a significant percentage of the 
allergy sufferers. Some of the “don’t knows” may also be affected by house dust and 
pet dander (judging by the level of response against these allergens in the question 
above).
From this data, the combination of factors that was most likely to result in allergen 
exposure and subsequent allergic reaction was for asthmatics or sufferers of hay fever 
to dust their homes or be around pets.
144
Ta
bl
e 
3.3
 
- 
Pr
ev
al
en
ce
 
of 
ta
sk
s 
tr
ig
ge
ri
ng
 
al
ler
gy
 
an
d 
co
m
pa
ri
so
n 
of 
al
le
rg
ic
 
co
nd
iti
on
 
wi
th
 
ta
sk
.
% 
of 
Pe
op
le 
wi
th 
Al
ler
gi
c 
Co
nd
iti
on
 
wh
o 
als
o 
ha
ve
 
a  
re
ac
tio
n 
to 
the
 
sp
ec
ifi
c 
ta
sk
O
th
er
34 (Nc n i n 22 v o tr> f - o t o n 25
D
er
m
at
iti
s
NO 23 28 m (N C " OO (N m - 19 0 0 28
Ec
ze
m
a
<N 22 CN NO - t - o o ON 36
Ey
e
A
lle
rg
y
23 23 22 29 20 M- Ov i n r - 34
R
hi
ni
tis
32 Ov r - OO NO o O M- o o r - OO 34
H
ay
Fe
ve
r
26 25 O s VO - OO n i n 34
A
st
hm
a
24 24 20 i n <N c - - i n i n 34
Pr
ev
al
en
ce
 
of
 
tas
k 
tr
ig
ge
ri
ng
 
al
le
rg
y Nu
m
be
r*
18
6
OO 13
4
86 77 75 59 54 40 48 36
9
% 
of
 
T
ot
al
20 O s (N OV OO OO vo VO ■rt- i n 40
T
as
k
D
us
tin
g
Be
ing
 
Cl
os
e 
to
 
Pe
ts
St
re
ss
 / 
Em
ot
io
n
Sp
ra
yi
ng
A
er
os
ol
s
Ea
tin
g 
C
er
ta
in
 
Fo
od
s
G
ar
de
ni
ng
V
ac
uu
m
in
g
Ex
er
ci
se
Ch
an
gi
ng
 
Be
d 
Li
ne
n
W
as
hi
ng
 
D
is
he
s
O
th
er
D
on
’t 
K
no
w
a 
Ta
sk
s 
or 
ac
tiv
iti
es
 t
rig
ge
rin
g 
an 
all
er
gi
c 
re
ac
tio
n 
in 
re
po
rte
d 
all
erg
y 
su
ffe
re
rs
 - 
w
eig
ht
ed
 
ba
se 
93
3 
(a
ct
ua
l 
sa
m
pl
e 
siz
e 
88
7 
pe
op
le
^
There may be a number of other sources of exposure, for example, sleeping on a dust- 
mite infested mattress or smoking but this survey was intended to focus on those 
domestic activities for which new solutions could be devised (most especially from a 
cleaning product perspective).
This survey did, however, provide evidence that dusting in the domestic environment 
was a key area of potential exposure, thus an area where investigation into the 
dynamics of dust settling and potential allergen exposure were both of relevance to 
the overall control of domestic allergens.
The results of this survey provided the basis for the subsequent research in this thesis.
Summary of Results:
From the options given in the questionnaire:
Asthma and hay fever are the two most prevalent allergic diseases among the 
UK population.
House dust and pollen are the two most important allergen sources, house 
dust and pet dander being the two most important domestic sources.
Dusting and being near domestic pets are the two activities most likely to 
result in allergen exposure.
3.1.2 Self-completion questionnaire on habits and surfaces 
The results of the 200 completed questionnaires are summarised on Table 3.4. This 
table shows the mean values of frequency, surface area, average frequency of dusting 
and method of dusting for each listed item.
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Using this data, a “model” room was constructed. For this, several generalisations 
were made:
1) The furniture surfaces in each room were combined into the following categories:
- Infrequently dusted areas (less than once a week on average)
Frequently dusted areas
2) The surfaces were further combined by surface type:
- Wood: Wooden Tables, Sideboard, Wooden Chairs, Piano & Clock (windowsills 
& mantelpieces are assumed to be wood).
Glass: Glass Table
- Formica: Formica Table, TV Unit (shelves are assumed to be Formica)
- Plastic: TV / hi-fi
3) For each combined area, the average surface area per home was calculated (as the 
total surface area of all the furniture reported by the questionnaire combined and 
divided by 200).
4) The average dusting frequency was calculated in the following way. First, for each 
piece of furniture in a category, the number of items was multiplied by the average 
frequency for that item (e.g. for wooden tables in the living room this would be 189 x 
2.54). Secondly, the totals for each piece of wooden furniture were added. Finally, the 
number obtained was divided by the total number of items. This gave the average 
dusting frequency for each surface type by room.
5) The percentage of each dusting method was calculated for each surface category. 
Dusting frequency was calculated as the total time divided by the number of items of 
furniture. Note: from the questionnaires, the number of dusting tasks using a vacuum 
cleaner and feather duster were both very low so were ignored in this model. The
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percentage was calculated by totalling the number of occasions for each category that 
were dusted by a particular method and expressing this as a percentage of the total 
number of occasions for all types of dusting. This allowed for those people who use 
more than one method on the same surface. From this, an estimation was made of the 
total surface area being dusted, the type of surface, the time period between dusting 
tasks (i.e. the amount of time available for dust to settle) and the method of dusting.
The results are summarised in table 3.5 below:
Table 3.5 -  Conditions in the “model” home
Dusting method -  percentage of 
occasions.
Surface Average 
Surface 
Area /cm2
Average 
Dusting 
Frequency / d
Dry
Dusting
Wet
(Water)
Dusting
Dusting
with
Polish
Living Room
Wood 14437 3.6 33.5 32.7 33.8
Glass 2569 1.9 39.1 40.9 20.0
Formica 1820 4.1 45.1 22.4 32.5
Plastic 4063 4.5 59.9 21.8 18.3
Infrequently 
dusted areas
1010 27.0 37.1 18.5 44.4
Dining Room
Wood 15278 3.2 32.5 33.4 34.1
Glass 206 2.7 53.5 40.8 5.7
Formica 3002 8.5 39.4 28.9 31.7
Infrequently 
dusted areas
1380 29.0 38.5 28.2 33.3
Bedroom
Wood 11477 6.3 35.2 21.1 43.7
Glass 705 4.1 43.4 43.4 13.2
Formica 470 7.8 40.8 19.0 40.2
Infrequently 
dusted areas
8276 14.5 36.7 30.3 33.0
From the combined results, the predominant surface in each room was wood. This 
made up over sixty percent of the frequently dusted surfaces.
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The frequency of dusting was highest in the living room where the dusting action was 
between twice and three times a week. The dusting frequency was slightly less for the 
dining room (between twice a week to weekly) and less again for the bedroom 
(weekly).
The split between dusting methods was more consistent and was approximately even 
between dry, wet and polish dusting, especially on wood in the living room. (Note: the 
dusting occasions using feather duster and vacuum cleaner accounted for less than one 
percent of the total number of occasions so were ignored).
Summary of Results:
From the combined results in the “model” home:
Wood accounts for the majority of the surfaces being dusted (>60%)
Dusting in communal areas occurs between twice and three times a week. In 
non-communal areas the frequency is lower (approximately ^onRty).
Dusting occasions split equally between dry dusting, dusting with water and 
dusting with polish.
3.2 Standard Dust Cabinet
3.2.1 Calibration test results -  settling time
For the prototype chamber, using initial loading of 0.1 g sieved vacuum dust, repeat 
particle counts were taken at different time intervals after the initial circulation, i.e. 
each data point represents a separate 0. Ig sample of dust -  one air sampling per dust 
sample.
Multiple readings were not taken on each sample, as the nature of the air particle 
counter (drawing air and particles out of the system) would influence subsequent
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readings on the same sample. Thus, for each data point on the graph, a separate 
experiment was performed using the same initial amount of dust but sampling the air 
at the appropriate time.
The results are shown 011 Graph 1 (decay curve of airborne particles versus time).
From the initial circulation of dust, the particle count took between 50 and 55 minutes 
to return to the background level (the standard deviation for each time period averages 
around 3-5%).
For the scaled up dust chamber, three different initial dust levels were investigated, 
O.lg, 1.0g and 5.0g. The same repeat experiments were performed as for the prototype 
chamber. As before, each data point was collected using a separate sample.
The results are shown on Graphs 2, 3 & 4. These results show that, although the initial 
dust levels and the airborne dust at any particular time depends on the initial amount 
circulated, the rate of decay follows a similar relationship. There is no significant 
amount of airborne particles (at least, not sufficient to be resolved significantly by this 
technique) detected after approximately 55 minutes.
The experiment was repeated a number of times using different dust samples (normal 
domestic dust, collected from a number of different locations). This confirmed that the 
rate of settling was relatively independent of the dust sample in this apparatus. Every 
sample tested showed measurable air particle counts decay to the normal background 
level within 5 0 -5 5  minutes from circulation. These samples were taken from normal 
domestic locations but it was recognised that there may be particular cases where the 
sample had an unusual composition (e.g. an excess of building dust 01* smoke 
particles) where it may take more or less time to settle.
In conclusion, the minimum settling time to ensure that the airborne levels within the 
dust chamber are back to the initial background level is greater than 55 minutes. To
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allow for error and variation between samples, the minimum settling time that should 
be allowed is one hour.
For the experimental work using the dust chamber described in section 2.5, a standard 
settling time of one hour was used for dust settling.
Summary of Results:
For both the prototype and final designs of the dust chamber, the minimum 
settling time for introduced dust is approximately 60 minutes.
Settling time within the dust chamber remained constant regardless of the 
dust sample (Note: using normal dust samples).
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3.2.2 Calibration test results -  determination of even dust 
distribution
For the total test area of the prototype cabinet of 0.3m x 0.4m, the theoretical 
distribution of dust for ail O.lg initial sample was calculated as:
Theoretical distribution (g.nT2) = initial mass of dust (g) = 0.1 -  0.833 g.nf2
total test area (nr) 0.3 x 0.4
The test veneers used were of dimensions 0.1m x 0.1m. 12 pieces in total were used to 
get a complete map of the test area. Theoretically, the maximum amount of dust that 
each veneer could pick up is:
0.833 x (0.1 x 0.1) = 8.33 x l ( r 3g
The experiment was repeated five times, the results of which are shown on table 3.6. 
The data for the twelve test sections showed a very close agreement in terms of mass 
of dust recorded. The distribution of figures varied only by a few degrees (+/- 3% 
maximum deviation) and there was no correlation between slight variation and 
location of die test veneer in the chamber. From this it could be concluded that the 
method resulted in an even distribution of dust to within a few percent error.
The amount of dust recovered in total was less than the theoretical calculation. 
Observation of the chamber showed that a small fraction of the dust introduced 
adhered to the walls of the chamber (approximately 5.5% of the dust introduced was 
lost in this way). The exact amount that was lost in this way varied from experiment 
to experiment and may have been caused by variations in the ambient temperature and 
humidity (which would influence any electrostatic attraction). Thus, while the 
procedure did result in an even distribution of dust, further calibration (and perhaps 
control of ambient atmospheric conditions) was . required to control the amount 
deposited.
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For the scaled-up chamber, running the calibration under measured ambient 
conditions did reduce the error in the variation between the measured amounts of dust 
deposited. However, more was lost to the chamber walls at low initial dosages (there 
being more surface area onto which dust could adhere). As with the prototype 
chamber, the degree of variation between test veneers was within a few percent error 
and did not show any repetitive or predictable variation across the test surface (i.e. the 
variation was random within the error limits of the measurement). At higher initial 
dosage of dust, the relative amount of dust lost decreased i.e. the accuracy of the 
procedure depends on the initial amount of dust introduced. The comparison of dust 
recovered with theoretical levels is shown on table 3.6.
Table 3.6 -  Comparison of settled dust with theoretical values
Run# M ass o f  
dust 
added /g
T heoretical 
m ass per 0.1 x 
0.1cm  square
M easured  
mean mass per 
0.1 x 0.1 cm 
square
P ercentage o f 
theoretical 
mass
D eviation  
front m ean o f  
m easured  
m asses
Prototype #1 0.1014 0.00845 0.0079 93.5 -2.5% -+1.3%
Prototype #2 0.1006 0.00838 0.0081 96.7 -1.2% -+1.2%
Prototype #3 0.0997 0.00831 0.0079 95.1 -2.5% - +1.3%
Prototype #4 0.1019 0.00849 0.0079 93.1 -2.5% - +2.5%
Prototype #5 0.0992 0.00827 0.0078 94.3 -1.3% - +2.6%
M ean: 94.5
Scaled-up 
chamber #1
0.1002 0.00128 0.0011 85.9 -0.0% - +9.0%
Scaled-up 
chamber #2
0.1053 0.00135 0.0011 81.5 -0.0% - +9.0%
Scaled-up 
chamber #3
0.1042 0.00134 0.0011 82.1 -0.0% - +9.0%
Scaled-up 
chamber #4
0.1086 0.00139 0.0012 86.3 -8.5% - +0.0%
Scaled-up 
chamber #5
0.0999 0.00128 0.0011 85.9 -0.0% - +9.0%
Mean: 84.3
Scaled-up 
chamber #6
0.9982 0.01280 0.0122 95.3 -0.8% - +0.8%
Scaled-up 
chamber #7
1.0014 0.01284 0.0123 95.8 -1.6% -+0.0%
Scaled-up 
chamber #8
1.0091 0.01294 0.0124 95.8 -1.6% -+0.0%
Scaled-up 
chamber #9
0.9942 0.01275 0.0122 95.7 -0.0% - +0.8%
Scaled-up 
chamber # 10
1.0065 0.01290 0.0123 95.3 -0.8% -+0.0%
Mean: 95.6
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Scaled-up 
chamber #11
4.9974 0.06407 0.0627 97.9 -0.2% - +0.2%
Scaled-up 
chamber #12
5.0021 0.06413 0.0629 98.1 -0.2% - +0.2%
Scaled-up 
chamber #13
4.9989 0.06409 0.0627 97.8 -0.2% - +0.2%
Scaled-up 
chamber #14
5.0096 0.06423 0.0630 98.1 -0.2% - +0.2%
Scaled-up 
chamber #15
5.0001 0.06410 0.0628 98.0 -0.2% - +0.2%
Mean:
In conclusion, both iterations of the technique demonstrate reproducibly even settled 
layers of dust and there was some correlation between the amount of dust introduced 
and the mass per unit area on the test surface. In order to ascertain the precise amount 
of dust per unit area, it was noted that each settled layer should be sampled at the time 
of experiment. Given the even distribution, the sample area could be selected from 
any part of the test surface.
Summary of Results:
For both the prototype and final versions of the dust chamber, the technique 
results in reproducibly even settled layer of dust that is proportional to the 
amount of dust introduced into the chamber.
3.3 Rate of Dust Settling
3.3.1 Surface vacuum sampler
The results of the vacuum sampling are show on tables A-l to A-3 in appendix #5. 
The data shows, for each house measured the length of time since the previous 
dusting, the surface area sampled and the type of surface.
For the dust sample, the filter mass before and after sampling was recorded. From 
this, the total mass of dust collected is calculated (mass dust = mass fma, -  mass initial). 
The mass per unit area was then calculated (mass per unit area = mass fina, -+ total area 
sampled).
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The following tables (3.6 to 3.8) show the mass per unit area and, by dividing by tlie 
number of days, the mass of dust settled per unit area per day:
For the locations sampled over the autumn period, the average setting rate of dust was 
calculated at 3.87x10'7g.cm"2d'1. The upper and lower limits for settling rate were 
calculated as 1.89x1 O'6 g.cm*2d"1 and 4.56x1 O'9 g.cm'2d‘! respectively. Thus, the average 
result lay near the upper end of the spread of settling rates.
The lower end of the scale was approximately a factor of 435 times lower than the 
maximum and 80 times less than the average.
For locations sampled over the winter period, the average setting rate was calculated 
at 3.1 lxlO'7g.cnT2d''. The upper and lower limits for settling rate were found to be 
1.05x1 O'6 g.cm‘2d'L and 1.16x10"s g.cin 2d-1 respectively. Thus, the average result lay 
near the upper end of the spread of settling rates.
The lower end of the scale was approximately a factor of 87 times lower than the 
maximum and 26 times less than the average. While the average was similar to that 
for the autumn sample, the spread of results was much narrower.
For location sampled over the spring period, the average setting rate was calculated at 
2.58xl0"7 g.cm'M"1. The upper and lower limits for settling rate were found to be 
1.48x1 O'6 g.cm'M'1 and 6.21x1 O'9 g.cm'M'1 respectively. Thus, the average result lay 
near the upper end of the spread of settling rates.
The lower end of the scale was approximately a factor of 246 times lower than the 
maximum and 44 times less than the average.
The average settling rate was in the same order of scale as for the autumn and winter 
values, but slightly lower in actual value.
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Table 3.6 -  Settling rate of dust (Autumn vacuum sample)
House Code Time since last 
dust/ days
Mass dust per unit 
area / g.cm'2
Settling rate / 
g.cm 2day'‘
1 7.21 5.80x10"/ 8.04x10-**
2 5.13 6.36x10"** 1.24x10-**
3 3.21 2.54x10-/ 7.91x10"**
4 5.96 1.43x10-’/ 2.40x10-**
5 4.08 4.54x10-6 1.11x10-6
6 7.04 6.11x10-6 8.68x10-7
7 6.33 2.22x10-’/ 3.51x10-**
8 2.96 3.09x10-/ 1.04x10-7
9 4.88 8.93x10-6 1.83x10-6
10 5.75 2.45x10-’/ 4.26x10'**
11 5.38 1.61x10-/ 2.99x10"**
12 12.00 7.73x10-6 6.44x10-7
13 4.21 8.42x10-** 2.00x10-**
14 8.25 8.12x10-6 9.84xl0-7
15 5.25 1.01x10-6 1.92x10-7
16 4.42 3.23x10“ ’/ 7.31x10"**
17 4.83 3.68x10-6 7.62x10-7
18 7.13 2.49x10-6 3.49x10-7
19 7.17 7.47x10-/ 1.04x10-7
20 3.00 2.50x10-6 8.33x10-7
21 3.83 1.12x10-’/ 2.92x10“**
22 5.29 2.41x10"** 4.56xl0-l7
23 6.71 4.67x10-6 6.96x10-7
24 6.08 8.92x10-6 1.47x10-6
25 1.83 3.87x10"’/ 2.11x10-7
26 2.63 5.75x10-/ 2.19x10-7
27 5.96 3.26x10-6 5.47xl0-7
28 4.00 5.31x10-** 1.33x10-**
29 4.00 3.50x10-7 8.75x10"**
30 2.96 5.58x10-** 1.89x10-6
31 5.88 4.22x10-7 7.18x10"**
32 2.96 4.27x10-6 1.44x10-6
33 4.17 8.55x10-** 2.05x10'**
34 4.00 2.97x10-7 7.43x10“**
35 2.00 1.33x10-** 6.65xl0-l7
36 4.08 6.29x10-7 1.54x10-7
37 4.92 3.30x10-7 6.71x10"**
38 3.08 9.98x10"** 3.24x10“**
39 5.17 4.57x10-7 8.84x10-**
40 4.25 8.23x10-7 1.94x10-7
Mean: 3.87x10-7
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Table 3.7 -  Settling rate of dust (winter vacuum sample)
House Code Time sinee last 
dust / days
Mass dust per unit 
area /  g.cm 2
Settling rate / 
g.cm'M'1
I 1.92 3.34x10-7 1.74x10-7
2 3.04 1.22x10-7 4.01x10-**
3 2.08 6.99x10-H 3.36x10“**
4 4.17 3.52x10-7 8.44x10"**
5 4.88 2 .7 1 x l0 -(l 5.55x10-7
6 3.04 2.77x10-6 9.11xl0-7
7 4.00 1.32x10-/ 3.30x10-**
8 2.04 1.70x10-7 8.33x10-**
9 7.29 6.61x10-6 9.07x10-7
10 6.17 7.97x10-7 1.29x10-7
11 3.04 1.99x10-7 6.55x10-**
12 6.79 5.27x10-6 7.76x10-7
13 3.83 2.16x10-7 5.64x10-**
14 3.96 3.33x10-6 8.41xl0-7
15 2.21 3.47x10-7 1.57xl0-7
16 7.75 1.46x10-6 1.88x10-7
17 6.17 5.62x10-6 9.11x10-7
18 3.13 1.95x10-6 6.23x10-7
19 4.21 1.28x10-6 3.04x10-7
20 3.13 2.77x10-6 8.85x10-7
21 4.88 8.74x10-** 1.79x10-**
22 4.71 6.53x10-** 1.39x10"**
23 2.96 2.65x10-6 8.95x10-7
24 4.08 3.78x10-6 9.26x10-7
25 5.17 9.39x10-7 1.82x10-7
26 3.00 3.11x10-7 1.04x10-7
27 7.04 1.71x10-6 2.43x10-7
28 4.21 8.16x10-** 1.94x10-**
29 5.13 7.03x10-7 1.37x10-7
30 4.13 7.68x10-** 1.86x10-**
31 4.21 4.72x10-7 1.12x10-7
32 5.92 6.23x10-6 1.05x10-6
33 3.17 2.00x10-7 6.31x10"**
34 4.21 7.36x10-7 1.75x10-7
35 5.17 5.99x10-** 1.16x10"**
36 3.25 9.30x10-7 2.86x10-7
37 5.00 4.55x10-7 9.10x10-**
38 4.13 1.70x10-7 4.12x10-**
39 4.04 3.77x10-7 9.33x10-**
40 4.21 8.95x10-7 2.13x10-7
Mean: 3.11x10-7
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Table 3.8 -  Settling rate of dust (spring vacuum sample)
House Code Time since last 
dust / days
Mass dust per unit 
area / g.cm2
Settling rate / 
g.cm 2d 1
1 3.21 3.62x10-/ 1.13x10-7
2 3.17 7.42x10-** 2.34x10-**
3 4.08 4.04x10-7 9.90x10-**
4 3.96 7.55x10-** 1.91x10"**
5 6.13 2.63x10-6 4.29x10-7
6 5.25 2.41x10-6 4.59x10-7
7 8.17 1.56x10-/ 1.91x10-**
8 3.00 2.59x10-7 8.63x10-**
9 4.00 2.83x10-6 7.08x10-7
10 4.08 2.15x10-7 5.27x10-**
11 6.88 4.27x10-** 6.21x10-^
12 2.96 3.00x10-6 1.01x10-6
13 4.17 5.79x10-** 1.39x10-**
14 3.04 4.51x10-6 1.48x10-6
15 2.21 6.62x10-7 2.96x10-7
16 4.08 1.88x10-7 4.61x10-**
17 3.17 2.04x10-6 6.44x10-7
18 6.08 2.15x10-6 3.54x10-7
19 3.04 1.19x10-6 3.91x10-7
20 4.21 1.92x10-6 4.56x10-7
21 4.00 2.09x10-7 5.23x10-**
22 2.96 4.13x10-** 1.40x10"**
23 5.25 2.06x10-6 3.92x10-7
24 2.92 3.42x10-6 1.17x10-6
25 6.33 2.24x10-7 3.54x10"**
26 4.00 2.69x10-7 6.73x10-**
27 3.88 1.95x10-6 5.03x10-7
28 3.04 8.98x10-** 2.95x10-**
29 4.25 2.93x10-7 6.89x10"**
30 7.04 2.06x10-7 2.93x10"**
31 3.04 3.28x10-7 1.08x10-7
32 4.21 2.91x10-6 6.91x10-7
33 4.33 2.84x10-** 6.56x10-9
34 2.96 2.16x10-7 7.30x10-**
35 4.04 3.33x10-** 8.24x10-9
36 3.13 4.58x10-7 1.46x10-7
37 4.08 1.83x10-7 4.49x10-**
38 4.17 7.98x10'** 1.91x10-**
39 4.13 3.40x10-7 8.23x10-**
40 2.88 6.08x10-7 2.11x10-7
Mean: 2.58x10-7
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In all cases, the average settling rate, maximum settling rate and minimum settling 
rate were similar in the locations sampled. There were some differences between the 
three seasons but the data was not sufficient to draw any conclusions from this.
The results are summarised in table 3.9 below:
Table 3.9 -  Summary of settling rates
Season Mean settling rate / 
g.cm'2d'‘
Maximum settling 
rate / g.cnUd'1
Minimum settling 
rate / g.cm 2d 1
Autumn 3.87xl0'7 1.89x1 O'6 4.56x1 O'9
Winter 3.1 lxlO'7 1.05x1 O'6 1.16x108
Spring 2.58xl0‘7 1.48x1 O'6 6.2 lx l O'9
Mean 3.19x1 O'7 1.47x106 7.46xl0‘9
Summary of Results:
Based on the results of vacuum sampling:
The average settling rate of dust in the domestic environment (independent of 
season) is in the order o f3 .2xl0 '7 g.cm'M'1.
The maximum settling rate (independent of season) is in the order of 1.5x1 O'6 
g.cin 2d ‘.
The minimum settling rate (independent of season) is in the order of 7.5x10 9 
g.cm'2d '.
3.3.2 Gravity sampler -  calibration in dust chamber
The results of the initial calibration measurements are shown on graph 5 below.
Each initial dust mass was repeated five times and there was observed a good degree 
of consistency between the values obtained in each case. However, as is clear from 
graph 5, as the initial mass of dust was increased, there was an increasing discrepancy
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between the particle density seen under the optical microscope as compared to that 
seen under the electron microscope. The particle density observed under the electron 
microscope became proportionally less than that for the equivalent optical microscope 
measurements as the initial dust mass increased. It was also observed that there was a 
linear relationship between initial dust mass and particle density for the optical 
microscope measurements but no corresponding linear relationship for the electron 
microscope.
Graph 5 - Gravity Sampler - Dust Chamber Calibration Curve 
(Comparison of Optical & Electron Microscopes)
Mass per cm2 Ig
The reason for the discrepancy was probably as a result of the sample preparation for 
the electron microscope. The sample was placed in a coater from which the 
atmosphere was pumped out before coating. This process may also have removed 
loosely adhering dust particles from the sample itself. As there was no corresponding 
sample preparation for the optical microscope, this was not an issue.
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Thus, for calibration of the gravity samplers and evaluation of field samplers, optical 
microscopy alone was used. The results of further calibration trials are summarized in 
table 3.10 below. In this table, the mass of dust corresponding to each particle 
measured under the microscope is calculated (mass partic|e = mass per unit area + 
average particle density).
Note: This calculation is not intended to represent the actual mass of an individual 
dust particle -  there will be a number of factors in the sampling method and 
measurement, which will influence the result. The mass estimated simply reflects the 
observed correlation between particle density and mass per unit area.
Table 3.10 -  Summary of Gravity Sampler Calibration Experiments
Initial mass 
of dust / g
Mass per unit 
area / g.cnf2
Average particle 
density / particles per 
100 x 100 microns
Estimated “Mass” 
per particle / g
0.1020 1.11x10° 1205 9.21x10'4
0.2007 2.40xl0'5 2104 1.14x10“
0.3018 3.60xl0'5 3560 1.01x10-"
0.4032 5.00x10° 4510 1.11x10"
0.5017 6.30x10° 5328 1.18x10-®
0.6034 7.50xl0'5 6000 1.25x10'"
0.7017 8.80x10'5 7267 1.21x10-®
0.8038 1.02x1 O'4 8095 1.26x10®
0.9024 1.15x10"4 9363 1.23x10-"
1.0003 1.27x1 O'4 10531 1.21x10-"
Mean: 1.15x10®
From graph 6 below, it can be seen that the linear relationship between mass of dust 
per unit area and particle was given by the equation (where y = particle density and x 
= mass per unit area):
y = 1008.3x + 250.8
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Graph 6 - Gravity Sampler - Calibration Curve (dust
mass vs. particle density)
Xo■N-
csi
Xo
CD
CO
Xoo
Xo
CO
Xoin
Xo
00
XCNo
Xin X1^ -
C\J
in co oo
Mass percrrr/g
From table 3.10 above, it was calculated that each particle counted represented a mass 
per unit area of 1.15x1 O'8 g.cm*2.
Summary of Results:
From the results of the gravity sampler calibration experiments:
Particle counts using electron microscopy do not give a linear relationship 
with mass o f dust per unit area and the deviation from linearity increases 
with mass per unit area.
Particle counts using optical microscopy do give a linear relationship with 
mass of dust per unit area. A correlation between particle counts and mass 
can be made.
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From the calibration graph, each particle counted represents l.ISxIO'8 of dust 
per square centimetre.
3.3.3 Gravity sampler -  results of in-home sampling 
For the gravity samplers, the mass per unit area of surface dust was estimated using 
the calibration graph results in section 3.3.2. From this, the settling rate was estimated 
by dividing the mass per unit area by the number of days over which the sampler was 
open. Whereas the vacuum sampler results only covered the living room, the gravity 
sampler results also covered the dining room and main bedroom (in each case, 
sampled over the same period of time as the sampler in the living room). The results 
of the settling rate for the three areas for autumn, winter and spring, are compared in 
table 3.11 below.
For all three seasons, the highest average settling rate of dust was found in the living 
room, followed by the dining room and finally the main bedroom.
There was a general trend that the highest settling rate was in the autumn, followed by 
the winter and finally the spring. In all cases, the settling rate was in the same order of 
magnitude, with an overall mean settling rate of approximately 2.5x1 O'7 g.cnfM'1.
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The following table (3.12) shows the comparison of the settling rate estimated in the 
living room in comparison to the value estimated by the vacuum sampling technique.
Table 3.12 -  Dust Settling Rate -  Comparison of Vacuum & Gravity
Samplers
Sample Mean Settling Rate -  
Vacuum Sampler / 
g.cnUd'1
Mean Settling Rate 
-  Gravity Sampler / 
g.cm'M1
Percentage 
Difference Between 
Vacuum & Gravity 
Sampler
Autumn 3.87xl0'7 3.30xl0‘7 85.3
Winter 3.1 lxlO'7 2.57xl0'7 82.6
Spring 2.58xl0~7 2.19x1 O'7 84.9
Mean 3.19xl0‘7 2.68xl0'7 84.0
In all cases, the gravity sampler gave an estimation of settling rate that was 
approximately 84% of that calculated from the vacuum sampler.
3.3.4 Geltape Sampler
No conclusive results were obtained for the Geltape sampler. Repeat samplings on the 
same area revealed that each strip removed not all of the dust on the first pass. This 
technique was deemed unreliable and not continued.
Summary of Results:
From the results of the gravity sampler measurements:
The estimated dust settling rate varies with season, in order of decreasing 
settling rate: autumn, winter and spring.
The estimated dust settling rate varies with room, in order of decreasing 
setting rate: living room, dining room and main bedroom.
The gravity sampler gives an estimate of settling rate that is approximately 
84% of the settling rate estimated by vacuum sampling.
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The geltape sampler did not yield useful results by this method.
3.4 Density of House Dust
The average results of the measurements of density for representative samples of 
house dust are shown on table 3.13 below.
Table 3.13 -  Summary of Density Measurements
Material Measured 
Density / g.cm'3
Theoretical 
Density / g.cm'
Agreement with 
theoretical density
Water 0.995 0.99823 99.68%
NaHCOj 2.151 2.159 99.63%
Iron Filings 7.833 7.86 99.66%
Dust (0-38 microns) 1.751 N/A N/A
Dust (0-75 microns) 1.763 N/A N/A
Dust (0-106 microns) 1.753 N/A N/A
Dust (38-75 microns) 1.767 N/A N/A
Dust (75-106 microns) 1.769 N/A N/A
For the three control materials measured, the level of accuracy was consistently less 
than 0.4%. For the dust samples measured, there was a general trend that the greater 
the particle size fraction, the higher the density of the material. This technique, 
however, may experience error as a result of poor wetting of liquid within porous 
particles or dense agglomerates. Density values ranged from 1.751 to 1.769 depending 
on the size fraction. For the smallest particle size fraction (i.e. that representing 
respirable dust -  0-38 microns), assuming the same degree of error as for the control 
materials, the actual density of the sample was assumed to be:
100 x 1.751 = 1.757 g.cm'3 
99.66
Summary of Results:
The measurement technique demonstrated an accuracy of approximately 
99.66%
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The measured density of house dust increased with increasing particle size. 
The measured density of house dust varies from 1.751-1.769 g.cm 3 for dust 
particles <106 microns in diameter.
Respirable dust has a measured density of 1.751 which, allowing for the error 
in the technique, indicates an actual density of 1.757.
3.5 Measurement of Airborne Dust
3.5.1 Calibration of mass from particle counts
The results of the air particle counting experiments on dust samples of known mass 
were recorded as air particle counts from 0.3 -  24.5 microns in 0.5-micron increments. 
Using the assumptions that all particles are spherical, of equal density and if uniform 
diameter within a given particle size band, the mass of the total sample was estimated. 
For this calculation, a computer spreadsheet was used (Microsoft® Excel®) to 
perform the calculations. The layout of this spreadsheet is shown in Appendix 4. The 
total volume of the sample was calculated using the equation 4/37ir3. For the mass 
calculation, the equation mass = volume x density was used, the value for density 
being that measured in section 3.4. The comparison of actual mass and estimated mass 
is shown on Table 3.14 below.
Table 3.14 -  Comparison of Actual and Estimated Mass from
Particle Counts
Sample
Number
Actual Mass 
(nO o f  
Sample / g
Average 
Particle Size / 
microns
Estimated Mass 
(m2) from 
Spreadsheet/ g
Correction 
Factor (m,/m2)
l 0.0030 1.54 1.030x10-3 291.3
2 0.0033 1.40 1.124x10-3 293.6
3 0.0030 1.46 9.961x10-6 301.2
4 0.0025 1.44 7.979x10-6 313.3
5 0.0022 1.49 7.173x10-6 306.7
6 0.0026 1.42 8.507x10-6 305.6
7 0.0028 1.65 9.850x10-6 284.3
8 0.0033 1.52 1.131x10-6 291.8
9 0.0026 1.59 8.867x10-6 293.2
10 0.0019 1.50 6.078x10-6 312.6
11 0.0037 1.45 1.200x10*3 308.3
12 0.0038 0.97 1.231x10-3 308.7
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13 0.0041 0.98 1 .361x10^ 301.2
14 0.0046 1.43 1.520x10-0 302.6
15 0.0043 1.28 1.446x100 297.4
16 0.0040 1.36 1.300x100 307.7
17 0.0037 1.51 1.232x100 300.3
18 0.0036 1.48 1.218x10”^ 295.6
19 0.0036 1.39 1.194x100 301.5
20 0.0038 1.45 1.255x100 302.7
21 0.0115 1.62 3.650x100 315.1.
22 0.0109 1.68 3.426x10-^ 318.2
23 0.0117 1.55 3 .800x100 307.9
24 0.0127 1.65 4.053x10-3 313.3
25 0.0127 1.45 3 .989x100 318.4
26 0.0118 1.43 3 .709x100 318.1
27 0.0114 1.67 3 .632x100 313.9
28 0.0110 1.49 3.570x10-3 308.1
29 0.0111 1.42 3.523x10-3 315.1
30 0.0104 1.49 3.400x10-3 305.9
31 0.0201 1.68 6.246x10-3 321.8
32 0.0208 1.63 6 .550x100 317.6
33 0.0191 1.58 5 .868x100 325.5
34 0.0207 1.56 6.317x10-3 327.7
35 0.0208 1.68 6 .523x100 318.9
36 0.0193 1.58 6.001x10-3 321.6
37 0.0164 1.45 5.066x10-3 323.7
38 0.0190 1.46 5 .925x100 320.7
39 0.0210 1.52 6.400x10-3 328.1
40 0.0180 1.51 5.592x10-3 321.9
41 0.0242 1.43 7.391x100 327.4
42 0.0260 1.42 7.868x10-3 330.5
43 0.0269 1.51 8.141x10-3 330.4
44 0.0287 1.50 8.811x100 325.7
45 0.0266 1.51 8.013x100 332.0
46 0.0276 1.58 8.410x10-3 328.1
47 0.0256 1.50 7.901x100 324.0
48 0.0271 1.48 8.255x100 328.3
49 0.0262 1.52 7.952x10-3 329.5
50 0.0280 1.49 8.656x10-3 323.5
51 0.0369 1.41 1.097x10-4 336.4
52 0.0381 1.52 1.121x10-4 339.9
53 0.0390 1.46 1.147x10-4 340.0
54 0.0380 1.47 1.137x10-4 334.2
55 0.0395 1.52 1.160x10*4 340.5
56 0.0397 1.42 1.186x10-4 334.7
57 0.0450 1.54 1.308x10-4 344.0
58 0.0432 1.50 1.265x10-4 341.5
59 0.0416 1.54 1.231x10-4 337.9
60 0.0412 1.52 1.213x10-4 339.6
61 0.0547 1.50 1.548x10-4 353.4
62 0.0588 1.50 1.651x10-4 356.1
63 0.0558 1.42 1.586x10-4 351.8
64 0.0520 1.40 1.500x10-4 346.7
65 0.0616 1.51 1.703x10-4 361.7
66 0.0591 1.51 1.652x10-4 357.7
67 0.0564 1.53 1.601x10-4 352.3
68 0.0588 1.55 1.663x10-4 353.6
69 0.0584 1.55 1.621x10-4 360.3
70 0.0579 1.44 1.616x10-4 358.3
71 0.0953 1.53 2.509x1 O'4 379.8
72 0.0979 1.53 2.550x 10-* 383,9
175
73 0.0930 1.49 2.48IxlO'4 374.8
74 0.0945 1.51 2.449x1 O'4 385.9
75 0.0978 1.54 2.614x1 O'4 374.1
76 0.0907 1.47 2,439x10-* 371.9
77 0.0954 1.53 2.512x10-* 379.8
78 0.0976 1.54 2.557x10-* 381.7
79 0.0957 1.48 2.547x10-* 375.7
80 0.0953 1.50 2.521x10-* 378.0
81 0.1401 1.60 3.426x1 O'4 408.9
82 0.1272 1.53 3.171x10"* 401.1
83 0.1335 1.54 3.297x10-* 404.9
84 0.1333 1.53 3.250x10-* 410.2
85 0.1391 1.58 3.359x10-* 414.1
86 0.1265 1.49 3.108x10-* 407.0
87 0.1320 1.48 3.173x10-* 416.0
88 0.1300 1.50 3.162x10-* 411.1
89 0.1238 1.46 3.049x10-* 406.0
90 0.1320 1.50 3.227x10-* 409.0
91 0.2105 1.48 4.677x10-* 450. i
92 0.2005 1.48 4.536x1 O'4 442.0
93 0.1963 1.46 4.47 lxlO-4 439.1
94 0.2155 1.51 4.736x1 O’4 .455.0
95 0.2147 1.52 4.771x10-* 450.0
96 0.2046 1.48 4.619x10-* 443.0
97 0.2234 1.54 4.877x10-* 458.1
98 0.2128 1.53 4.740x10-* 448.9
99 0.1938 1.45 4.375x10-* 443.0
100 0.2112 1.49 4.682x10“* 451.1
The estimated mass in each experiment was significantly smaller than the actual mass 
introduced, by a factor of several hundred times. However, there was a correlation 
between the estimated mass and actual mass introduced. This can be seen when 
plotting the estimated mass against the actual mass. This is shown on graph 7 below. 
The relationship is polynomial, as the actual mass increases the estimated mass is 
proportionally less. The equation for the relationship is:
y = 308237x2 + 305.82x -  0.0002
In this equation, y = actual mass (g), x = estimated mass (g). This can thus be used to 
estimate the mass of dust based on the total particle count of the Malvern APC 300A 
(from 0.3 -  24.5 microns).
Summary of Results:
The mass estimated by this method is significantly lower than the actual mass 
of dust introduced.
176
- There is an apparent correlation between estimated mass and actual mass, 
according to the equation:
y = 308237x! + 305.82x -  0.0002
Graph 7 - Air Particle Count - Comparison of Actual with 
Estimated Mass
Estimated Mass I g
3.5.2 Respirable mass during dry dusting on wood
The air particle count results of the dry dusting experiments on a typical wooden 
furniture surface were converted to a mass using the computer spreadsheet as 
described in section 3.5.1. Using the correlation equation identified in section 3.5.1, 
the mass of dust released was calculated as follows on table 3.14:
From this data it was seen that under dust levels associated with frequently dusted 
areas (as previously calculated) a dry duster on a typical wooden furniture surface 
resulted in approximately 18.5% of the dust to be released into the air. Given that 
there was an average of 0.0276g of dust per test area (6300cm2), this calculated as 
0.0438g per square meter. Thus, the estimated mass of dust released into the air by
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this experiment was 18.5% of this figure, i.e. 0.0081 grams per square meter of dusted 
surface.
For infrequently dusted areas where there was more initial dust, the efficiency of the 
duster decreased, resulting in approximately 42.9% of the surface dust to be rendered 
airborne. With an initial dust loading of 0.2829g per test surface, i.e. 0.4490g.m’2, this 
resulted in an estimated 0.1926 grams of dust released per square meter dusted.
Table 3.14 — Airborne Dust During Dry Dusting of Wooden
Furniture
Initial Estimated Corrected mass Total Percentage of
Dust Airborne using correlation amount of initial mass
Density on mass /g equation /g dust on test released into
Surface (Actual airborne surface /g* air
(g.cm2) mass)
Frequently Dusted Areas
4.1 lxlO '6 1.7 lx l  O'5 0.00512 0.0259 19.8%
4.76xl0 '6 1.44x10'5 0.00427 0.0300 14.2%
3.97x10'6 1.54x10'5 0.00458 0.0250 18.3%
4.27x10'6 1.31x1 O'5 0.00386 0.0269 14.3%
4.89xl0"6 8.1 lxlO '6 0.00230 0.0308 7.5%
4.44x1 O'6 2.46x1 O'5 0.00751 0.0279 26.9%
4.25x10'6 2.03x10° 0.00614 0.0268 22.9%
4.3 lx lO 6 1.11x105 0.00323 0.0272 11.9%
4.07xl0'6 1.81x10 s 0.00544 0.0256 21.3%
4.67x1 O'6 2.78x10° 0.00854 0.0294 29.0%
4 .3 7 x l0 '6 1.70x1 O'5 0.00510 0.0276 18.5%
Infrequently Dusted Areas
4.38xl0 '5 2.86xl0'4 0.1125 0.2759 40.8%
4.56xl0 '5 2.78x10"’ 0.1086 0.2873 37.8%
4.47x10'5 3.42x1 O'4 0.1404 0.2816 49.9%
4.61x1 O'5 2.79x10‘4 0.1091 0.2904 37.6%
4.84xl0 '5 3.31xl0'4 0.1348 0.3049 44.2%
4.53x10° 2.50xl0'4 0.0955 0.2854 33.5%
4.29x10'5 2.97x1 O'4 0.1178 0.2703 43.6%
4.39x10° 3.36xl0'4 0.1374 0.2766 49.7%
4.17x10‘5 3.46x1 O'4 0.1425 0.2627 54.2%
4.66x10'5 2.90x1 O'4 0.1144 0.2936 39.0%
4.49x10 s 3.04x1 O'4 0.1213 0.2829 42.9%
*For a 70cm x 90xm test surface
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Summary of Results:
The efficiency of a dry duster in capturing dust (i.e. not releasing it into the 
air) decreases with initial surface dust level.
- Against dust levels corresponding to frequently dusted areas, a dry duster 
results in approximately 18.5% of the dust to be rendered airborne 
(0.0081g.m"2) from a typical wooden furniture surface.
- Against dust levels corresponding to infrequently dusted areas, a dry cluster 
results in approximately 42.9% of the dust to be rendered airborne 
(0.4490g.m 2) from a typical wooden furniture surface.
3.5.3 Effect of surface type
Following from the results in 3.5.2. on wooden furniture, this section shows the 
corresponding results on Formica®, plastic and glass. The air particle count results of 
the dry dusting experiments on a typical Formica® furniture surface were converted 
to a mass using the computer spreadsheet as described in section 3.5.1. Using the 
correlation equation identified in section 3.5.1, the mass of dust released was 
calculated as follows in table 3.15.
From this data it was seen that under dust levels associated with frequently dusted 
areas (as previously calculated) a dry duster on a typical Formica® furniture surface 
resulted in approximately 19.5% of the dust to be released into the air. Given that 
there was an average of 0.0282g of dust per test area (6300cm2), this calculated as 
0.0448g per square meter. Thus, the estimated mass of dust released into the air by 
this experiment was 19.5% of this figure, i.e. 0.0087 grams per square meter of dusted 
surface.
179
Table 3.15 -  Airborne Dust During Dry Dusting of Formica®
Furniture
Initial 
Dust 
Density on 
Surface 
(gem2)
Estimated
Airborne
mass /g
Corrected mass 
using correlation 
equation /g 
(Actual airborne 
mass)
Total 
amount of 
dust on test 
surface /g*
Percentage of 
initial mass 
released into air
Frequently Dusted Areas
4.4 lx l 0'6 1.25xl0's 0.0037 0.0278 13.3%
4.23xl0"6 1.64x10'5 0.0049 0.0266 18.4%
4.87xl0'6 1.52x10"s 0.0045 0.0307 14.7%
4.59xl0'6 1.96x10 s 0.0059 0.0289 20.4%
4.39x10"6 2.13x10 s 0.0065 0.0277 23.3%
4.66x1 O'6 9.46x10"6 0.0027 0.0294 9.3%
4.05X10"6 1.27x10'5 0.0037 0.0255 14.6%
4.72x1 O'6 2.70x10 s 0.0083 0.0297 27.9%
4.29x10"6 2.46x10"s 0.0075 0.0270 27.8%
4.50xl0'6 2.32x10 s 0.0071 0.0284 24.9%
4 .4 7 x 1 0 6 1.82x10 s 0.0055 0.0282 19.5%
Infrequently Dusted Areas
4.19x10 s 3.38xl0'4 0.1384 0.2640 52.4%
4.60x10 s 3.49x10 4 0.1441 0.2898 49.7%
4.37xl0"5 3.29x1 O'4 0.1338 0.2753 48.6%
4.65xl0'5 2.53x1 O'4 0.0969 0.2930 33.1%
4.73x10 s 2.60x1 O'4 0.1002 0.2980 33.6%
4.48xl0'5 3.36xl0"4 0.1374 0.2822 48.7%
4.67x10 s 3.23xl0'4 0.1307 0.2942 44.4%
4.48xl0's 3.00x10 4 0.1193 0.2822 42.3%
4.33xl0‘s 2.92x10"4 0.1154 0.2728 42.3%
4.91x10 s 2.85xl0'4 0.1120 0.3093 36.2%
4.54x1 O'5 3 .0 7 x 1 0 4 0.1228 0.2861 42.9%
*For a 70cm x 90xm test surface
For infrequently dusted areas where there was more initial dust, the efficiency of the 
duster decreased, resulting in approximately 42.9% of the surface dust to be rendered 
airborne. With an initial dust loading of 0.2861 g per test surface, i.e. 0.454lg.m'2, this 
resulted in an estimated 0.1948 grams of dust released per square meter dusted. These 
results were almost identical to those for the wooden surface indicating that the 
influence in dust release was the same (possibly zero) in both cases.
The air particle count results of the dry dusting experiments on a typical plastic 
furniture surface were converted to a mass using the computer spreadsheet as
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described in section 3.5.1. Using the correlation equation identified in section 3.5.1, 
the mass of dust released was calculated as follows in table 3.16:
Table 3.16 -  Airborne Dust During Dry Dusting of Plastic Furniture
Initial Dust Estimated Corrected mass Total amount Percentage of
Density on Airborne using correlation of dust on initial mass
Surface mass /g equation /g test surface released into
(gem2) (Actual airborne 
mass)
/g* air
Frequently Dusted Areas
4.43x1 O'6 7.98x10° 0.0023 0.0279 8.2%
4.63x10° 5.68x10° 0.0015 0.0292 5.1%
4.85x10° 6.64x10° 0.0018 0.0306 5.9%
4.38x10° 9.53x10° 0.0027 0.0276 9.8%
4.60x1 O'6 8.79x10° 0.0025 0.0290 8.6%
4.52x1 O'6 7.61x10° 0.0021 0.0285 7.4%
4.31x10° 6.36x10° 0.0018 0.0272 6.6%
4.75x1 O'6 8.74x10° 0.0025 0.0299 8.4%
4.26x10'6 9.63x10° 0.0028 0.0268 10.4%
4.5 lxlO'6 5.32x10° 0.0014 0.0284 4.9%
4.52x10° 7.63x10° 0.0021 0.0285 7.4%
Infrequently Dusted Areas
4.44x10° 2.41X10-4 0.0914 0.2797 32.7%
4.36x10° 1.94x10° 0.0707 0.2747 25.7%
4.52x10° 1.86x10° 0.0673 0.2848 23.6%
4.60x10° 2.06x10° 0.0759 0.2898 26.2%
4.33x10° 2.17x10° 0.0807 0.2728 29.6%
4.18x10° 2.22x10° 0.0829 0.2633 31.5%
4.69x10° 1.94x10° 0.0707 0.2955 23.9%
4.46x10° 2.37x10° 0.0896 0.2810 31.9%
4.55x10° 2.50x10° 0.0955 0.2867 33.3%
4.64x10° 1.71x10° 0.0611 0.2923 20.9%
4.48x10° 2.12x10° 0.0786 0.2821 27.9%
*For a 70cm x 90xm test surface
From this data it was seen that under dust levels associated with frequently dusted 
areas (as previously calculated) a dry duster on a typical plastic furniture surface 
resulted in approximately 7.4% of the dust to be released into the air. Given that there 
was an average of 0.0285g of dust per test area (6300cm2), this calculated as 0.0452g 
per square meter. Thus, the estimated mass of dust released into the air by this 
experiment was 7.4% of this figure, i.e. 0.0033 grams per square meter of dusted 
surface.
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For infrequently dusted areas where there was more initial dust, the efficiency of the 
duster decreased, resulting in approximately 27.9% of the surface dust to be rendered 
airborne. With an initial dust loading of 0.282 lg per test surface, i.e. 0.4478g.m'2, this 
resulted in an estimated 0.1249 grams of dust released per square meter dusted. The 
result for plastic was much lower than for the wood or Formica® indicating that this 
surface had a significant effect on the amount of released dust (resulting in much 
lower airborne dust). The air particle count results of the dry dusting experiments on a 
typical glass furniture surface were converted to a mass using the computer 
spreadsheet as described in section 3.5.1. Using the correlation equation identified in 
section 3.5.1, the mass of dust released was calculated as follows in table 3.17:
Table 3.17 -  Airborne Dust During Dry Dusting of Glass Furniture
Initial Dust 
Density on 
Surface 
(gem2)
Estimated 
Airborne 
mass /g
Corrected mass 
using correlation 
equation /g 
(Actual airborne 
mass)
Total 
amount of 
dust on test 
surface /g*
Percentage of 
initial mass 
released into air
Frequently Dusted Areas
4.29x1 O'6 1.73xl0'5 0.0052 0.0270 19.3%
4.50xl0'6 2.07x1 O'5 0.0063 0.0284 22.2%
4.36xl0‘6 1.26x1 O'5 0.0037 0.0275 13.5%
4.48x10 6 2.24x1 O'5 0.0068 0.0282 24.1%
4.52x1 O'6 2.43xl0'5 0.0074 0.0285 26.0%
4.39xl0'6 1.0 lx l O'5 0.0029 0.0277 10.5%
4.64x1 O'6 1.57x10'5 0.0047 0.0292 16.1%
4.58xl0'6 2.73x10'5 0.0084 0.0289 29.1%
4.33x1 O'6 2.58xl0 '5 0.0079 0.0273 28.9%
4.23x1 O'6 1.3 lxlO"5 0.0039 0.0266 14.7%
4.43x l06 1.89x105 0.0057 0.0279 20.4%
Infrequently Dusted Areas
4.48x1 O'5 3.06x1 O'4 0.1222 0.2822 43.3%
4.91xl0 '5 2.87X10-4 0.1130 0.3093 36.5%
4,37xl0's 3.3 8x1 O'4 0.1384 0.2753 50.3%
4.73xl0’5 2.65xl0'4 0.1025 0.2980 34.4%
4.67x1 O'5 3.26x1 O'4 0.1323 0.2942 45.0%
4.65x1 O'5 2.59xl0'4 0.0997 0.2930 34.0%
4.33xl0'5 2.95x1 O'4 0.1168 0.2728 42.8%
4.19x1 O'5 3.42x1 O'4 0.1404 0.2640 53.2%
4.48x1 O’5 3.32x1 O'4 0.1353 0.2822 47.9%
4.60x1 O'5 3.55xl0'4 0.1472 0.2898 50.8%
4.54x1 O'5 3.11x104 0.1248 0.2861 43.6%
*For a 70cm x 90xm test surface
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From this data it was seen that under dust levels associated with frequently dusted 
areas (as previously calculated) a dry duster on a typical glass furniture surface 
resulted in approximately 20.4% of the dust to be released into the air. Given that 
there was an average of 0.0279g of dust per test area (6300cm2), this calculated as 
0.0443g per square meter. Thus, the estimated mass of dust released into the air by 
this experiment was 20.4% of this figure, i.e. 0.0090 grams per square meter of dusted 
surface.
For infrequently dusted areas where there was more initial dust, the efficiency of the 
duster decreased, resulting in approximately 43.6% of the surface dust to be rendered 
airborne. With an initial dust loading of 0.286 lg per test surface, i.e. 0.454 lg.m'2, this 
resulted in an estimated 0.1980 grams of dust released per square meter dusted. The 
results for glass were almost identical to those for the Formica®, implying that these 
two surfaces have the same level of influence on dust release.
For the surfaces tested, the electrostatic charge decay properties of the surfaces were 
measured as follows (Note: All samples tested at approximately 50-60% RH & 20°C):
Table 3.18 -  Electrostatic Properties of Test Surfaces
J C I155 Charge Decay Test Unit Triboelectric charge -  rubbing 
with cotton cloth
Surface Initial
Charge / 
volts
tVi (Time to half 
initial voltage) / 
seconds
Initial
Charge / 
volts
tVi (Time to half 
initial voltage) / 
seconds
Wood 7000* <1 >50 <1
Formica 7000* <1 >50 <1
Plastic 7000* >15000 1000 Approx. 2000
Glass 7000* <1 >50 <1
* Approximate value -  as deposited by the corona discharge.
Of the surfaces tested, only the plastic surface had any significant charge retention. 
For the other surfaces, the amount of charge generated through a triboelectric 
mechanism was slight and very short-lived. Thus, only the plastic surface was likely 
to be able to influence dust release by electrostatic attraction. For the plastic surface,
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however, the electrostatic charge was comparatively long-lived and may have a 
significant effect on dust retention.
Summary of ResuSts:
As with the results for wood, the efficiency of a dry duster in capturing dust 
(i.e. not releasing it into the air) decreases with initial surface dust level on 
Formica, plastic and glass.
The amount of dust released is similar from wood, Formica and glass 
surfaces. This implies that the influence on dust release for these surfaces is 
the same.
The amount of dust released from the plastic surface is lower than that for 
the other surfaces tested.
The electrostatic properties of wood, Formica and glass are all similar and 
low (no significant charge retention) whereas plastic shows significant charge 
retention. This correlates with the level of airborne dust.
3.5.4 Effect of surface treatm ent
Note: All experiments performed on the same wood surface as used for the dry 
dusting experiments.
The air particle count results of the dry dusting experiments on a furniture surface pre­
treated with Pledge® furniture polish were converted to a mass using the computer 
spreadsheet as described in section 3.5.1.
Using the correlation equation identified in section 3.5.1, the mass of dust released 
was calculated as follows in table 3.19:
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Table 3.19 — Airborne Dust During Dry Dusting of Treated
(Pledge®) Furniture
Initial Dust Estimated Corrected mass Total amount Percentage of
Density on Airborne using correlation of dust on initial mass
Surface mass /g equation /g test surface released into
(gem2) (Actual airborne 
mass)
/ g * air
Frequently Dusted Areas
4.45x10'6 1.46xl0's 0.0043 0.0280 15.4%
4.32xl0'6 1.58x10° 0.0047 0.0272 17.3%
4.56xl0'6 1.72x10'5 0.0052 0.0287 18.1%
4.40x1 O'6 1.6 lx l 0'5 0.0048 0.0277 17.3%
4.65x1 O'6 1.51x10 s 0.0045 0.0293 15.4%
4.50x10'6 1.63xl0'5 0.0049 0.0284 17.3%
4.19x1 O'6 1.3 8x1 O'5 0.0041 0.0264 15.5%
4.56x1 O’6 1.54x10'5 0.0046 0.0287 16.0%
4.62x10° 1.66x1 O'5 0.0050 0.0291 17.2%
4.39x10° 1.53x10° 0.0046 0.0277 16.6%
4 .46x10° 1.56x10 s 0.0047 0.0281 16.7%
Infrequently Dusted Areas
4.29x1 O'5 2.23x1 O'4 0.0833 0.2703 30.8%
4.48x10° 2.19xl0~4 0.0816 0.2822 28.9%
4.3 lx l 0'5 2.15x1 O'4 0.0798 0.2715 29.4%
4.51x10° 2.10x1 O'4 0.0776 0.2841 27.3%
4.62x10° 2.05x10"* 0.0754 0.2911 25.9%
4.63x10° 1.98x1 O'4 0.0724 0.2917 24.8%
4.40x10'5 1.92x1 O'4 0.0699 0.2772 25.2%
4.74x10‘5 2.12x1 O'4 0.0785 0.2986 26.3%
4.27x10° 2.03x10° 0.0746 0.2690 27.7%
4.57x10'5 1.98x10"' 0.0724 0.2879 25.1%
4.48 x10 s 2.08x10"* 0.0766 0.2824 27.1%
*For a 70cm x 90xm test surface
From this data it can be seen that under dust levels associated with frequently dusted 
areas (as previously calculated) a dry duster on a furniture surface pre-treated with 
Pledge® furniture polish resulted in approximately 16.7% of the dust to be released 
into the air. Ciiven that there was an average of 0.028 lg of dust per test area 
(6300cm2), this calculated as 0.0446g per square meter. Thus, the estimated mass of 
dust released into the air by this experiment was 16.7% of this figure, i.e. 0.0074 
grams per square meter of dusted surface.
For infrequently dusted areas where there was more initial dust, the efficiency of the 
duster decreased, resulting in approximately 27.1% of the surface dust to be rendered
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airborne. With an initial dust loading of 0.2824g per test surface, i.e. 0.4483g.m"2, this 
resulted in an estimated 0.1215 grams of dust released per square meter dusted.
In comparison with the wooden surface without polish, the amount of dust released 
was lower when the surface was pre-polished. This most likely corresponded to the 
thin film of polish that was left on the surface which trapped some of the dust (Note: 
Polishes like Pledge® do not build up as the silicone polish film is self-sensitive, i.e. 
subsequent applications remove most of the earlier film). Silicone-type polishes leave 
a mobile film of silicone fluid on the surface into which dust particles can be 
demonstrated to penetrate (see table 2.4), depending on the particle type and diameter.
Once coated with silicone, the effective diameter of a particle can be assumed to be 
larger. In addition, the particle will be “sticky” as a result of the silicone coating. Both 
of these together can be assumed to reduce the potential for the particle to become 
airborne. However, the film of silicone left on a surface will be extremely thin and not 
all of the settled dust will penetrate.
The air particle count results of the dry dusting experiments 011 a furniture surface pre­
treated with Pledge® Clean and Dust furniture dusting aid were converted to a mass 
using the computer spreadsheet as described in section 3.5.1. Using the correlation 
equation identified in section 3.5.1, the mass of dust released was calculated as 
follows in table 3.20:
From this data it can be seen that under dust levels associated with frequently dusted 
areas (as previously calculated) a dry duster on a furniture surface pre-treated with 
Pledge® Clean and Dust furniture dusting aid resulted in approximately 21.9% of the 
dust to be released into the air. Given that there was an average of 0.0278of dust per 
test area (6300cm2), this calculated as 0.044lper square meter. Thus, the estimated 
mass of dust released into the air by this experiment was 21.9% of this figure, i.e. 
0.0097 grams per square meter of dusted surface.
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For infrequently dusted areas where there was more initial dust, the efficiency of the 
duster decreased, resulting in approximately 30.8% of the surface dust to be rendered 
airborne. With an initial dust loading of 0.2836g per test surface, i.e. 0.4502g.nf2, this 
resulted in an estimated 0.1387 grams of dust released per square meter dusted.
Table 3.20 -  Airborne Dust During Dry Dusting of Treated (Pledge©
Clean and Dust) Furniture
Initial Dust 
Density on 
Surface 
(g/cm2)
Estimated 
Airborne 
mass /g
Corrected mass 
using correlation 
equation /g 
(Actual airborne 
mass)
Total amount 
of dust on test 
surface /g*
Percentage 
of initial 
mass 
released 
into air
Frequently Dusted Areas
4.30x10"6 1.71x10-5 0.0051 0.0271 18.8%
4.29x1O'6 1.92x10'5 0.0058 0.0270 21.5%
4.60xl0'6 2.15xl0 's 0.0065 0.0290 22.4%
4.44x1 O'6 1.61x10 s 0.0048 0.0280 17.1%
4.38xl0‘6 2.15x1 O'5 0.0065 0.0276 23.6%
4.56x1 O'6 2.13xl0"5 0.0065 0.0287 22.6%
4.52x1 O'6 2.01x10 s 0.0061 0.0285 21.4%
4.41x106 1.89x10"5 0.0057 0.0278 20.5%
4.13xl0'6 2.17x10 s 0.0066 0.0260 25.4%
4.44x10"6 2.34x10"5 0.0071 0.0280 25.4%
4 .4 lx l0 '6 2.01x10 s 0.0061 0.0278 21.9%
Infrequently Dusted Areas
4.22x10'5 2.41xl0'4 0.0914 0.2659 34.4%
4.48x10"5 2.36x1 O'4 0.0891 0.2822 31.6%
4.61 xlO’5 2.33X10"4 0.0878 0.2904 30.2%
4.28x1 O’5 2.26x1 O'4 0.0847 0.2696 31.4%
4.70x 10 s 2.34x10"4 0.0882 0.2961 29.8%
4.64x1 O'5 2.22x10"4 0.0829 0.2923 28.4%
4.59xl0 's 2.43x1 O’4 0.0923 0.2892 31.9%
4.50x10 s 2.38xl0"4 0.0900 0.2835 31.7%
4.42x10"s 2.27x1 O'4 0.0851 0.2785 30.6%
4.57xl0's 2.21xl0"4 0.0824 0.2879 28.6%
4.50x10 s 2.32xl0‘4 0.0874 0.2836 30.8%
*For a 70cm x 90xm test surface
The amount of dust released was higher than for the surface treated with Pledge® 
polish but lower than that for the untreated wood panel for infrequent dusting. This 
corresponded to the fact that the Clean and Dust was known to leave a lower amount 
of silicone on the surface than the Pledge® so would have a lower amount of dust 
capture, but should still offer a benefit over untreated wood.
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The air particle count results of the dry dusting experiments on a furniture surface pre­
treated with paste wax furniture polish were converted to a mass using the computer 
spreadsheet as described in section 3.5.1. Using the correlation equation identified in 
section 3.5.1, the mass of dust released was calculated as follows in table 3.21:
Table 3.21 -  Airborne Dust During Dry Dusting of Treated (Paste
Wax) Furniture
Initial Dust 
Density on 
Surface 
(gem2)
Estimated
Airborne
mass /g
Corrected mass 
using correlation 
equation /g 
(Actual airborne 
mass)
Total amount 
of dust on test 
surface /g*
Percentage 
of initial 
mass 
released into 
air
Frequently Dusted Areas
4.48x10° 2.11x10° 0.0064 0.0282 22.7%
4.17x10° 2.26x10° 0.0069 0.0263 26.2%
4.47x10° 2.42x10° 0.0074 0.0282 26.2%
4.61x10° 2.18x10° 0.0066 0.0290 22.8%
4.50x10° 2.02x10° 0.0061 0.0284 21.5%
4.39x10° 2.22x10° 0.0067 0.0277 24.2%
4.64x10° 2.31x10° 0.0070 0.0292 24.0%
4.63x10° 2.30x10° 0.0070 0.0292 24.0%
4.38x10° 2.48x10° 0.0076 0.0276 27.5%
4.56x10° 1.90x10° 0.0057 0.0287 19.9%
4 .48x10° 2 .22x10° 0.0067 0.0283 23.7%
Infrequently Dusted Areas
4.65x10 s 2.73x10° 0.1063 0.2930 36.3%
4.23x10° 2.68x10'4 0.1039 0.2665 39.0%
4.29x10° 2.62x1 O'4 0.1011 0.2703 37.4%
4.70x10° 2.56x1 O'4 0.0983 0.2961 33.2%
4.55x10° 2.67x1 0° 0.1034 0.2867 36.1%
4.42x10° 2.47xl0'4 0.0941 0.2785 33.8%
4.34x10° 2.62x1 O'4 0.1011 0.2734 37.0%
4.40x10° 2.74x10‘4 0.1067 0.2772 38.5%
4.51x10° 2.52x10° 0.0964 0.2841 33.9%
4.55x10° 2.46x10° 0.0937 0.2867 32.7%
4 .46x10° 2 .61x10° 0.1005 0.2813 35.7%
*For a 70cm x 90xm test surface
From this data it was seen that under dust levels associated with frequently dusted 
areas (as previously calculated) a dry duster on a furniture surface pre-treated with 
paste wax furniture polish resulted in approximately 23.7% of the dust to be released 
into the air. Given that there was an average of 0.0283g of dust per test area 
(6300cnr), this calculated as 0.0449g per square meter. Thus, the estimated mass of
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dust released into the air by this experiment was 23.7% of this figure, i.e. 0.0106 
grams per square meter of dusted surface.
For infrequently dusted areas where there was more initial dust, the efficiency of the 
duster decreased, resulting in approximately 35.7% of the surface dust to be rendered 
airborne. With an initial dust loading of 0.2813g per test surface, i.e. 0,4465g.m'2, this 
resulted in an estimated 0.1594 grams of dust released per square meter dusted.
The results for paste wax were comparable with untreated wood. This meant that the 
harder wax polish did not have as much influence on dust release than the silicone- 
based polishes.
The results of the dry dusting experiments on a furniture surface pre-treated with Mr. 
Muscle® glass cleaner were converted to a mass using the computer spreadsheet as 
described in section 3.5.1. Using the correlation equation identified in section 3.5.1, 
the mass of dust released was calculated as follows in table 3.22.
From this data it was seen that under dust levels associated with frequently dusted 
areas (as previously calculated) a dry duster on a furniture surface pre-treated with Mr. 
Muscle glass cleaner resulted in approximately 23.0% of the dust to be released into 
the air. Given that there was an average of 0.0282g of dust per test area (6300cm2), 
this calculated as 0.0448 per square meter. Thus, the estimated mass of dust released 
into the air by this experiment was 23.0% of this figure, i.e. 0.0103 grams per square 
meter of dusted surface.
For infrequently dusted areas where there was more initial dust, the efficiency of the 
duster decreased, resulting in approximately 41.0% of the surface dust to be rendered 
airborne. With an initial dust loading of 0.2837g per test surface, i.e. 0.4503g.m"2, this 
resulted in an estimated 0.1846 grams of dust released per square meter dusted.
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Table 3.22 -  Airborne Dust During Dry Dusting of Treated (Mr.
Muscle®) Furniture
Initial Dust 
Density on 
Surface 
(gem'2)
Estimated 
Airborne 
mass /g
Corrected mass 
using correlation 
equation /g 
(Actual airborne 
mass)
Total amount 
of dust on test 
surface /g*
Percentage 
of initial 
mass 
released into 
air
Frequently Dusted Areas
4.42x10"6 1.70xl0's 0.0051 0.0278 18.3%
4.39xl0"6 2.01xl0's 0.0061 0.0277 22.0%
4.58xl0'6 1.86x10 s 0.0056 0.0289 19.4%
4.65x10‘6 2.19x10 s 0.0066 0.0293 22.5%
4.52x10"6 2.43x10"5 0.0074 0.0285 26.0%
4.40x1 O'6 2.57x10 s 0.0079 0.0277 28.5%
4.21xl0"6 2.10x10 s 0.0064 0.0265 24.2%
4.3 8x1 O'6 1.91x10 5 0.0058 0.0276 21.0%
4.67x10"6 1.93x10 s 0.0058 0.0294 19.7%
4.61xl0‘6 2.66x10 s 0.0082 0.0290 28.3%
4.48x1 O'6 2.14x10 s 0.0065 0.0282 23.0%
Infrequently Dusted Areas
4.5 lxlO '5 2.88xl0"4 0.1134 0.2841 39.9%
4.36xl0"5 2.95x10"4 0.1168 0.2747 42.5%
4.41x10 s 2.98x104 0.1183 0.2778 42.6%
4.62x10 s 3.08xl0'4 0.1232 0.2911 42.3%
4.57x10 s 2.95x1 O'4 0.1168 0.2879 40.6%
4.35xl0‘s 2 .83x l04 0.1110 0.2741 40.5%
4.57x10 s 2.77X10"4 0.1082 0.2879 37.6%
4.28x10 s 3.15x1 O'4 0.1267 0.2696 47.0%
4.70x10 s 2.99X10"4 0.1188 0.2961 40.1%
4.66xl0's 2.81X10"4 0.1101 0.2936 37.5%
4.50xl0"5 2 .9 4 x 1 0 4 0.1163 0.2837 41.0%
*For a 70cm x 90xm test surface
The results for the glass cleaner were comparable with those for untreated wood. This 
was probably as a result of the fact that the glass cleaner formula did not leave an 
appreciable residue on the surface. *
Summary of Results:
Surfaces cleaned with cleaning products that leave an appreciable tacky film 
(e.g. silicone-based polishes) result in a reduction in the amount of airborne 
dust on dry dusting.
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Surfaces cleaned with cleaning products that leave no residue or harder 
residues do not result in a significant effect 011 dust release during dry 
dusting.
3,5.5 Wet versus dry dusting
The results of the wet dusting (using water only) experiments on a section of wood 
furniture were converted to a mass using the computer spreadsheet as described in 
section 3.5.1. Using the correlation equation identified in section 3.5.1, the mass of 
dust released was calculated as follows in table 3,23.
From this data it was seen that under dust levels associated with frequently dusted 
areas (as previously calculated) a wet (water) duster on a furniture surface resulted in 
approximately 5.7% of the dust to be released into the air. Given that there was an 
average of 0.0282g of dust per test area (6300cnr), this calculated as 0.0448g per 
square meter. Thus, the estimated mass of dust released into the air by this experiment 
was 5.7% of this figure, i.e. 0.0026 grams per square meter of dusted surface.
For infrequently dusted areas where there was more initial dust, the efficiency of the 
duster increased, resulting in approximately 3.2% of the surface dust to be rendered 
airborne.
With an initial dust loading of 0.2795g per test surface, i.e. 0.4437g.m'2, this resulted 
in an estimated 0.014-2 grams of dust released per square meter dusted.
In comparison to dry dusting, dusting with water resulted in a significantly lower 
amount of dust release, especially at higher dust levels.
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Table 3.23 -  Airborne Dust During Wet (Water) Dusting of Wood
Furniture
Initial Dust 
Density on 
Surface 
(gem2)
Estimated 
Airborne 
mass /g
Corrected mass 
using correlation 
equation /g 
(Actual airborne 
mass)
Total amount 
of dust on test 
surface /g*
Percentage 
of initial 
mass 
released into 
air
Frequently Dusted Areas
4.25x10° 5.48x10° 0.0015 0.0268 5.6%
4.81x10° 4.84x10° 0.0013 0.0303 4.3%
4.43x10° 6.50x10° 0.0018 0.0279 6.5%
4.58x10° 5.89x10° 0.0016 0.0289 5.5%
4.28x10° 7.54x10° 0.0021 0.0270 7.8%
4.54x10° 6.46x10° 0.0012 0.0286 4.2%
4.60x10° 6.56x10° 0.0018 0.0290 6.2%
4.46x10° 6.25x10° 0.0017 0.0281 6.0%
4.29x10° 5.53x10° 0.0015 0.0270 5.6%
4.47x10° 5.20x10° 0.0014 0.0282 5.0%
4.47x10° 6.03x10° 0.0016 0.0282 5.7%
Infrequently Dusted Areas
4.29x10° 3.46x10° 0.0108 0.2703 4.0%
4.50x10° 3.22x10° 0.0100 0.2835 3.5%
4.55x10° 2.85x10° 0.0088 0.2867 3.1%
4.26x10° 2.61x10° 0.0080 0.2684 3.0%
4.19x10° 2.79x10° 0.0086 0.2640 3.3%
4.47x10° 3.10x10° 0.0096 0.2816 3.4%
4.62x10° 2.44x10° 0.0074 0.2911 2.5%
4.61x10° 2.75x10° 0.0084 0.2904 2.9%
4.50x10° 2.81x10° 0.0086 0.2835 3.0%
4.38x10° 3.00x10° 0.0093 0.2759 3.4%
4 .44x10° 2 .90x10° 0.0090 0.2795 3.2%
*For a 70cm x 90xm test surface
The results of the wet dusting experiments (using Pledge® Clean and Dust dusting aid 
sprayed onto the cloth) on a wood furniture surface were converted to a mass using 
the computer spreadsheet as described in section 3.5.1. Using the correlation equation 
identified in section 3.5.1, the mass of dust released was calculated as follows in table 
3.24.
From this data it was seen that under dust levels associated with frequently dusted 
areas (as previously calculated) a wet (dusting aid) duster on a furniture surface 
resulted in approximately 4.6% of the dust to be released into the air. Given that there 
was an average of 0.0282g of dust per test area (6300cm2), this calculated as 0.0448g
192
per square meter. Thus, the estimated mass of dust released into the air by this 
experiment was 4.6% of this figure, i.e. 0.0021 grams per square meter of dusted 
surface.
For infrequently dusted areas where there was more initial dust, the efficiency of the 
duster increased, resulting in approximately 2.3% of the surface dust to be rendered 
airborne. With an initial dust loading of 0.2822g per test surface, i.e. 0.4479g.m"2, this 
resulted in an estimated 0.0103 grams of dust released per square meter dusted.
Table 3.24 -  Airborne Dust During Wet (Pledge® Clean and Dust)
Dusting of Wood Furniture
Initial Dust 
Density on 
Surface 
(gem'2)
Estimated 
Airborne 
mass /g
Corrected mass 
using correlation 
equation /g 
(Actual airborne
mass)
Total amount 
of dust on test 
surface /g*
Percentage 
of initial 
mass 
released 
into air
Frequently Dusted Areas
4.43x10° 4.33x10° 0.0011 0.0279 3.9%
4.64x10° 4.87x10° 0.0013 0.0292 4.5%
4.20x10° 3.68x10° 0.0009 0.0265 3.4%
4.45x10° 5.79x10° 0.0016 0.0280 5.7%
4.52x10° 7.00x10° 0.0020 0.0285 7.0%
4.37x10° 6.20x10° 0.0017 0.0275 6.2%
4.69x10° 4.04x10° 0.0011 0.0295 3.7%
4.51x10° 3.77x10° 0.0010 0.0284 3.5%
4.37x10° 4.54x10° 0.0012 0.0275 4.4%
4.58x10° 5.62x10° 0.0015 0.0289 5.2%
4 .48x10° 4 .98x10° 0.0013 0.0282 4.6%
Infrequently Dusted Areas
4.44x10° 2.37x10° 0.0072 0.2797 2.6%
4.31x10° 2.02x10° 0.0061 0.2715 2.2%
4.66x10° 2.19x10° 0.0066 0.2936 2.2%
4.37x10° 1.80x10° 0.0054 0.2753 2.0%
4.56x10° 2.57x10° 0.0079 0.2873 2.7%
4.42x10° 2.18x10° 0.0066 0.2785 2.4%
4.18x10° 2.34x10° 0.0071 0.2633 2.7%
4.73x10° 1.72x10° 0.0052 0.2980 1.7%
4.68x10° 1.90x10° 0.0057 0.2948 1.9%
4.45x10° 2.04x10° 0.0062 0.2804 2.2%
4 .48x10° 2 .11x10° 0.0064 0.2822 2.3%
*For a 70cm x 90xm test surface
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In comparison to dry dusting, dusting with dusting aid resulted in a significantly lower 
amount of dust release, especially at higher dust levels. While the results were 
comparable to wet dusting, they were directionally better (lower dust release).
Summary of Results:
Wet dusting results in significantly less dust release to the air than dry 
dusting. This is seen particularly at higher initial dust levels where wet 
dusting results in approximately 10% of the amount of dust released by dry 
dusting.
3.6 Allergen Content of House Dust
3.6.1 Test kit results
The results for the Acarex and Aclotest studies are shown on Table 3.26 below. In 
general, there was a considerable spread in the results, with approximately half of the 
homes tested giving a negative result for both tests. For those homes giving a weakly 
positive result for vacuum dust, the results for surface dust tended to be negative. For 
those homes with strongly positive results for vacuum dust, the results for surface dust 
tended to be weakly positive for the Aclotest and negative for the Acarex test.
From these results it can be concluded that the Aclotest kit is the more reliable method 
of detecting the presence of dust mites and that it is more applicable for surface dust 
than Acarex. It also demonstrates that the level of dust mite allergen in surface dust is 
much lower than that in vacuum dust but still detectable,
3.6.2 Allergen determination
The results for the ELISA determination for dust mite and cat allergens is also shown 
on Table 3.26. There was good correlation between the dust mite assay and the test kit 
results. There was also correlation between the Fel d 1 levels and the presence (or 
• otherwise) of cats. The data also demonstrated a predominance of D. pteronyssinus 
over D. farinae in the homes tested, as would be expected (see section 1.4.3).
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The results for the different allergens over the locations tested ranged from a low of 
zero to a maximum measured value of:
Der f 1 (ng.g'1): 
Derp 1 (ng.g'1): 
Der p 2 (ng.g'1):
Surface Dust = 15754 
Surface Dust = 50069 
Surface Dust = 21287
Can f  1 (ng.g'VlU.g'1): Surface Dust = 1181787 
Fel d 1 (ng.g'1): Surface Dust = 654348
(mU.g'1): (163587)
Vacuum Dust 
Vacuum Dust 
Vacuum Dust 
Vacuum Dust 
Vacuum Dust
36027
76601
24426
168877
2590076
(647519)
It can be assumed that these do not represent the highest possible values. For each 
allergen / surface, the mean values are shown on Table 3.26 From these values, it is 
evident that there is a general trend towards greater allergen concentration in the floor 
(vacuum cleaner) dust than on the surface, with the exception for the value obtained 
for Can f 1. The concentrations of allergen in surface dust tend to be between a half to 
a quarter of that found in the corresponding floor dust.
3.6.3 Allergen content of personal sampler filters
Eight filters were measured from different locations. The weight of dust recovered is 
recorded on Table 3.25 below. All filters were tested using ELISA for Fel d I but in 
all cases the results were negative. This was either as a result of loss of sample prior to 
assay or that the result was below the detection limit of the assay as a result of the 
small sample size.
Table 3.25 -  Mass of Dust Recovered on Personal Sampling Filters
Filter Mass of Dust Recovered /g
1 0.0034
2 0.0067
3 0.0121
4 0.0036
5 0.0040
6 0.0084
7 0.0092
8 0.0116
195
Summary of Results:
The Aclotest™ test kit is a more accurate measure of dust mite levels in dust 
than the Acarex® test kit.
Surface dust contains a significant amount of all the main allergens, at a level 
approximately one half to one quarter that of vacuum dust.
- The amount of allergen varies greatly depending on the location.
- Personal air sampling did not provide positive data of respirable allergen.
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Chapter 4: Estimation of Exposure to Airborne Allergen
4.1 Summary of results
From the original objectives of this research, there were a number of pieces of 
information that were required to establish the model for allergen exposure during 
dusting. The results of these studies are recorded in chapter three. In this chapter, the 
results will be discussed further and the overall model for exposure generated. Figure 
#1 outlined the various pieces of data that were to be collected for the construction of 
the exposure model. Table 4.1 summarises the key pieces of data that were gathered 
and the critical ranges:
Table 4.1 -  Summary of Results
Data Point Source Value Ranges Comments
Prevalence of 
Asthma
Omnibus
Questionnaire
12% +/- 1% Represents total 
population.
Prevalence of I lay 
Fever / Rhinitis
Omnibus
Questionnaire
12% +/- 2% Represents total 
population.
Reaction to House 
Dust
Omnibus
Questionnaire
27% Percentage of 
allergy sufferers 
only (not total 
population)
Reaction to Dusting Omnibus
Questionnaire
20% Percentage of 
allergy sufferers 
only (not total 
population)
Average surface area 
being dusted 
(frequently dusted 
areas)
Consumer
questionnaire
Approx. 54000cnr Approx. +/- 
20000cm2
Predominantly
wood.
Average surface area 
being dusted 
(infrequently dusted 
areas)
Consumer
questionnaire
Approx. lOOOOcnf Approx. +/- 
2000cm2
Predominantly 
wood and 
Formica
Average dusting 
frequency 
(frequently dusted 
areas)
Consumer
questionnaire
Approx. every 3-4 
days
+/- 1 day
Average dusting 
frequency 
(infrequently dusted 
areas)
Consumer
questionnaire
Approx. every month +/- 2 weeks
Dusting Method (all
areas)
Consumer
questionnaire
Approx. '/3 of 
occasions dry 
dusting, '/3 wet
Individual 
methods can 
range from 20-
A few percent 
of occasions 
using feather
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(water) dusting, 
dusting with polish.
40% of 
occasions.
duster or 
vacuum cleaner.
Settling rate of dust Vacuum
sampling
Mean: 3.19x10‘7 
g.cm'2day'1
Mean limits: 
Max: 1.47x10° 
Min:7.46xl0° 
g.cnUday'1
Varies 
depending on 
season.
Settling rate of dust Gravity
sampling
Mean: 2.68x10"7 
g.cm'May'1
Mean limits: 
Max: 1.77x10° 
Min:2.22xl0'9 
g.cnUday'1
Varies 
depending on 
season.
Percentage Dust 
released during dry 
dusting on wood, 
Formica 01* glass.
Air particle 
counting
Approx. 19% for 
frequent dusting 
Approx. 43% for 
infrequent dusting
+/- 5%
Percentage Dust 
released during dry 
dusting on Pledge® 
polished wood.
Air particle 
counting
Approx. 16.7% for 
frequent dusting 
Approx. 27.1% for 
infrequent dusting
+/-5%
Percentage Dust 
released during dry 
dusting on Pledge® 
Clean and Dust® 
polished wood.
Air particle 
counting
Approx. 21.9% for 
frequent dusting 
Approx. 30.8% for 
infrequent dusting
+/- 5%
Percentage Dust 
released during dry 
dusting on Plastic
Air particle 
counting
Approx. 7.4% for 
frequent dusting 
Approx. 28% for 
infrequent dusting
+1-5%
Percentage Dust 
released during wet 
dusting on wood
Air particle 
counting
Approx. 5.7% for 
frequent dusting 
Approx. 3.2% for 
infrequent dusting
+/-1 %
Percentage Dust 
released during 
polish dusting on 
wood
Air particle 
counting
Approx. 4.6% for 
frequent dusting 
Approx. 2.3% for 
infrequent dusting
+/-1 %
Dust mite (Der f  1) 
allergen content of 
surface dust.
ELISA Mean
830ng.g'1
Maximum
15754ng.g-'
Dust mite (Der p 1) 
allergen content of 
surface dust
ELISA Mean
15284ng.g'
Maximum
50069ng.g'*
Dust mite (Der p 2) 
allergen content of 
surface dust.
ELISA Mean
8553ng.g'‘
Maximum
21287ng.g'1
Cat (Fel d 1) allergen 
content of surface 
dust.
ELISA Mean 47696ng.g'f 
(1 1924mU.g'1)
Maximum
654348ng.g_1
(163587mU.g"‘)
Maximum in 
homes with cats
Dog (Can f  1) 
allergen content of 
surface dust.
ELISA Mean 
126808ng.g-' / IU.g'1
Maximum 
1181787 ng.g'1/ 
lU .g '
Maximum in 
homes with 
dogs
Cat (Fel d 1) allergen 
content of personal 
sampler filter.
ELISA N/A N/A No positive 
results from 
experiment.
4.2 Estimation of Respirable Allergen Mass (RAM)
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4.2.1 Total Respirable Mass
For the first estimate of exposure, the simplest model will be taken. This model to an 
extent ignores surface type and cleaning technique. Thus, it will be assumed that the 
surface has no treatment and that dusting is performed without the aid of water or a 
polish. It will be taken that, for this model, there is average dust settling, the surfaces 
are dusted after an average period of time and that all dusted surfaces are wooden.
For the first estimate of respirable mass, it will also be assumed that the areas are 
frequently dusted. For the settling rate, the results from the vacuum sampling will be 
used.
From the results of the experimental work, the key data points are as follows in table 
4.2:
Table 4.2 -  Key Data for Basic Respirable Dust Mass Model -
Frequent Dusting
Data Point Value Reference Section
Frequency of dusting 3.5 days 3.1.2
Surface area dusted 54000cnr 3.1.2
Settling rate of dust 3.19xl0"7 g.cm‘2day-l 3.3.1
Percent of dust released into 
the air during dry dusting
19% 3.5.2
Using these figures, the first step is to calculate the total amount of dust that is on the 
surface area to be dusted. This is calculated thus:
Total Surface Dust (TSD) = Settling Rate (g.cnmd1) x Surface Area (cm2) x 
Frequency (d)
For this model, the Total Surface Dust calculates as:
TSD = 3.19x1 O'7 x 54000 x 3.5 = 0.06g
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Given that approximately 19% of this dust will be released during dry dusting, the 
total respirable mass (TRM) of dust per dusting occasion is:
TRM = TSD x 19 = 0 0 6 x 1 9  = 0.0114g
100 100
For infrequently dusted areas, the equivalent calculations uses the data from table 4.3:
Table 4.3 -  Key Data for Basic Respirable Dust Mass Model -
Infrequent Dusting
Data Point Value Reference Section
Frequency of dusting 30 days 3.1.2
Surface area dusted 10000cm2 3.1.2
Settling rate of dust 3.19x10'7 g.cmrd'1 3.3.1
Percent of dust released into 
the air during dry dusting
43% 3.5.2
For infrequently dusted areas, the total respirable mass =
TRM = 3.19x1 O'7 x 10000 x 30 x 43 = 0.0412g 
100
Thus, when no other factors are taken into account, it is calculated that dusting of 
infrequently dusted areas can result in a level of available airborne dust that is nearly 
four times that released during frequent dusting. This is despite the fact that they 
represent a smaller area and are only dusted on average once for every eight 
“frequent” dusts.
Given that the infrequently dusted area tends to be higher in the room than frequently 
dusted surfaces, this represents a much more significant exposure risk as the released 
dust will be more accessible to being respired.
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4.2.2 Total Respirable Allergen under “model” (average) conditions
Using the mean levels of surface dust allergens recorded (section 3.6.2, 'fable 3.25), 
the total respirable allergen (TRA) for frequent and infrequent dusting can be 
calculated for each allergen (total respirable mass multiplied by allergen content). 
This makes the assumption that the amount of allergen rendered airborne is directly 
proportional to the amount of dust released. This has been performed in Table 4.4.
Table 4.4 -  Total Respirable Allergen during Dry Dusting -  Average
Exposure
Allergen TRA -  Frequent Dusting TRA -Infrequent Dusting
Der f  1 9.5ng 34.2ng
Der p 1 174ng 629.7ng
Der p 2 97.5ng 352.4ng
Can f  1 1445.6ng (IU) 5224.5ng (IU)
Fel d 1 544ng (136 mU) 1965.2ng (491.3 mU)
From these results, it can be deduced that the total potential allergen exposure during 
frequent dry dusting is in the region of a few hundred nanograms of a complex 
mixture of allergens. For infrequent dusting occasions, this value increases to well 
over a thousand nanograms, which is a significant dose in a short period of time. The 
precise composition of the allergen mixture will depend on the location.
4.2.3 Heavy allergen exposure
It is not feasible to consider that a domestic location will be entirely free of allergens 
but there will be situations where the allergen content of surface dust is very low. In 
these situations, exposure will be minimal so this scenario will not be explored further 
here. However, the allergen assay work provided an upper limit for each of the 
individual allergens that were considerably greater than the overall mean. While it is 
accepted that these do not represent the highest possible allergen load in a domestic
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situation, they do provide figures that can give an estimate of “high-level” or heavy 
exposure.
Repeating the calculation from section 4.2.2 but using the maximum values from 
section 3.6.2 (Table 3.25), the following figures for TRA are found (Table 4.5):
Table 4.5 -  Total Respirable Allergen during Dry Dusting -  Heavy
Exposure
Allergen TRA -  Frequent Dusting TRA -Infrequent Dusting
Der f 1 179.6ng 649. lng
Der p 1 570.8ng 2062.8ng
Der p 2 242.7ng 877.Ong
Can f 1 13472.4ng (IU) 48689.6ng (IU)
Feld 1 7459.6ng (1864.9 mU) 26959.2ng (6739.8 mU)
The total respirable allergen for heavy exposure areas is much greater than for the 
average home. For frequent dusting there can be as much as lOOOng of total dust mite 
allergen alone and as much as 3500ng total dust mite allergen for infrequently dusted 
areas.
The impact on exposure is felt most by the amount of dog and cat allergens (i.e. 
locations where either or both are present). For these allergens, the level of exposure 
is in excess of ten times that in the “average” home.
4.3 Variation of exposure depending on surface type and cleaning 
technique
4.3.1 Consideration of important variables
So far, the assumption has been made that surface type and cleaning method are 
constant, whereas in reality it is not common for the average member of the 
population to simply dry dust (section 3.1.2, Table 3.4). The method of cleaning has
205
been demonstrated to have a significant effect on the amount of dust released (section 
3.5.5).
The surface type does not seem to have such a significant role on dust release. 
Although plastic surfaces demonstrate a significant reduction 011 dust release as a 
result of electrostatic charge generation (section 3.5.3, Tables 3.16 & 3.18), it is the 
least significant of the surfaces in the home. As wood, Formica® (and related 
surfaces) and glass all show similar behaviour (section 3.5.3), the surface type will be 
assumed to have no effect in this model. However, a factor that does need to be taken 
into account is the surface treatment.
The presence of a residual silicone polish has been demonstrated to have a significant 
effect on the amount of dust released through the mechanism of dust entrapment in the 
polish film (section 3.5.4, Tables 3.19 & 3.20). However, use of a hard polish or a 
non-residual product such as a window cleaner (section 3.5.4, Tables 3.21 & 3.22) 
does not significantly influence the amount of dust released so these variables will be 
ignored.
Thus, the important factors that can influence dust release are wet dusting (with water 
or polish) versus dry dusting and the presence of silicone polish on the surface prior to 
dust settling and dusting. These variables will now be considered individually.
4.3.2 Wet versus dry dusting
From the total respirable mass calculation in section 4.2.1, the only figure that 
changes is the percentage of dust released during dusting. This will depend somewhat 
on the method (i.e. water or dusting aid) though the results for both are similar 
(section 3.5.5).
Using the percentage dust released for wet dusting and dusting with Pledge® Clean 
and Dust®, the calculation for total respirable mass under both average and heavy
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exposure scenarios is as follows in Table 4.6. In both cases, the calculation follows 
the one outlined in section 4.2.1.
Table 4.6 -  Total Respirable Mass during Wet Dusting
Frequent Dusting Infrequent Dusting
Dusting with Water 0.0034g 0.0031g
Dusting with Pledge® 
Clean and Dust®
0.0028g 0.0022g
The first fact that is obvious by these calculations is the impact wet dusting has on 
infrequently dusted areas. Whereas with dry dusting these areas showed a much 
greater level of airborne dust than for frequently dusted areas, this is not the case for 
wet dusting. Overall, for the frequently dusted areas the amount of airborne mass is 3- 
4 times less than for dry dusting but for the infrequently dusted areas it is 13-19 times 
less. In terms of airborne allergen, the calculated amounts for both cleaning methods 
under frequent and infrequent dusting scenarios are as follows in Table 4.7 (average 
allergen exposure) and Table 4.8 (heavy allergen exposure):
Table 4.7 — Total Respirable Allergen during Wet Dusting -  Average
Exposure
Dusting with Water Dusting with Pledge® Clean and 
Dust®
Allergen T R A -
Frequent
Dusting
TRA -  
Infrequent 
Dusting
T R A -
Frequent
Dusting
T R A -
Infrequent
Dusting
D erf 1 2.8ng 2.6ng 2.3ng 1.8ng
Der p 1 52.0ng 47.4ng 42.8ng 33.6ng
Der p 2 29.1ng 26.5ng 23.9ng 18.8ng
Can f  1 431.1 ng (IU) 393.lng (IU) 355.lng (IU) 279.Ong (IU)
Feld 1 162ng (40.5 148ng (37.0 133.6ng 104.8ng
mU) mU) (33.4mU) (26.2mU)
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Table 4.8 -  Total Respirable Allergen during Wet Dusting -  Heavy
Exposure
Dusting with Water Dusting with Pledge® Clean and 
Dust®
Allergen T R A -
Frequent
Dusting
T R A -
Infrequent
Dusting
IRA -  
Frequent 
Dusting
IRA -  
Infrequent 
Dusting
Der f  1 53.6ng 48.8ng 44.1ng 34.7ng
Der p 1 170.2ng 155.2ng 140.2ng 110.2ng
Der p 2 72.4ng 66.0ng 59.6ng 46.8ng
Can f 1 4018.1ng (IU) 3663.5ng (IU) 3309.0ng (IU) 2560.Ong (IU)
Fel d 1 2224.8ng 2028.4ng 1832.Ong 1439.6ng
(556.2 mU) (507.1 mU) (458.0 mU) (359.9 mU)
Wet dusting of a surface can be seen to result in a much lower level of allergen 
exposure than dry dusting. While the results are similar for water and Pledge® Clean 
and Dust®, there is a directional benefit in using the dusting aid over the water which 
may be explained by the better compatibility of dust with the ingredients in the 
dusting aid.
4.3.3 Effect of Surface Treatment
In this case, the only change in the calculation is, again, the percentage dust released. 
For this scenario, dry dusting is again used but the surfaces are pre-poised with 
Pledge® or with Pledge® Clean and Dust®.
The calculation for total respirable mass under both average and heavy exposure 
scenarios is as follows in Table 4.9. In both cases, the calculation follows the one 
outlined in section 4.2.1.
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Table 4.9 -  Total Respirable Mass during Wet Dusting
Frequent Dusting Infrequent Dusting
Surface pre-treated with 
Pledge®
0.0101 0.0163
Surface pre-treated with 
Pledge® Clean and Dust®
0.0210 0.0295
Dry dusting on a surface treated with a normal polish prior to dust settling will result 
in a lower amount of dust release than from an untreated surface. For the surface 
treated with dusting aid (which is not designed to leave as much of a residue), the 
benefit over untreated surfaces is only seen with heavier dust loading. The benefit of a 
pre-treated surface in terms of reduced dust release is small compared to the benefits 
given by wet dusting.
In terms of airborne allergen, the calculated amounts for both surface treatments under 
frequent and infrequent dusting scenarios are as follows in Table 4.10 (average 
allergen exposure) and Table 4.11 (heavy allergen exposure):
Table 4.10 -  Total Respirable Allergen during Dry Dusting on Polish 
Treated Surface— Average Exposure
Dry Dusting on Pledge® Treated 
Surface
Dry Dusting on Pledge® Clean 
and Dust® Treated Surface
Allergen T R A -
Frequent
Dusting
T R A -
Infrequent
Dusting
T R A -
Frequent
Dusting
TRA -  
Infrequent 
Dusting
Der f  1 8.4ng 13.5ng 17.4ng 24.5ng
Der p 1 154.4ng 249. lng 321.Ong 450.9ng
Der p 2 86.4ng 139.4ng 179.6ng 252.3ng
Can f 1 1280.8ng (IU) 2067.Ong (IU) 2663.Ong (IU) 3740.8ng (IU)
Feld 1 481.6ng 777.6ng 1001.6ng 1407.2ng
(120.4 mU) (194.4 mU) (250.4 mU) (351.8 mU)
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Table 4.11 -  Total Respirable Allergen during Dry Dusting on Polish
Treated Surface -  Heavy Exposure
Dry Dusting on Pledge® Treated 
Surface
Dry Dusting on Pledge® Clean 
and Dust® Treated Surface
Allergen T R A -
Frequent
Dusting
T R A -
Infrequent
Dusting
T R A -
Frequent
Dusting
TRA -  
Infrequent 
Dusting
Der f 1 159.1ng 256.8ng 330.8ng 464.7ng
Der p 1 505.7ng 816.lng 1051.4ng 1477.Ong
Der p 2 215.Ong 347.Ong 447.Ong 62 8. Ong
Can f 1 11936.0ng(IU) 19263.lng (IU) 24817.6ng (IU) 34862.7ng (IU)
Feld 1 6608.8ng 10666.Ong 13741.2ng 19303.2ng
(1652.2 mU) (2666.5 mU) (3435.3 mU) (4825.8 mU)
In terms of potential allergen exposure, the results show that there is a directional 
benefit of having a polish on the furniture surface (as compared to an untreated 
wooden surface as in sections 4.2.2 & 4.2.3. For the dusting aid, there is only a benefit 
in the infrequently dusted areas.
For frequently dusted areas, the slight increase in dust release and subsequent allergen 
exposure may be explained by the nature of these products. Often, dusting aids are 
designed to render the furniture surface anti-static (i.e. to repel dust). This has a 
positive aesthetic effect of keeping the surface looking cleaner for longer but does 
mean that any settled dust is potentially more free to re-circulate into the air.
4.4 Influence of Dust Settling Rate
So far, the calculations have been based on an average dust-settling rate of 3.19x10‘7 
g .c irrd 1. This was the mean value deduced from the dust settling experiments in 
section 3.3.1. However, these same experiments gave a lower limit of 7.46x1 CUg.cm' 
2.d''and an upper limit of 1.47xl0"6 g.cnmd'1 for settling rate. As can be seen, this is a 
spread of a factor of 1000 and will greatly influence the estimate of total allergen
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exposure. Using the upper and lower estimates of dust settling rate, the calculations 
for total respirable mass for all the scenarios of cleaning method and surface type 
outlined in sections 4.2 & 4.3 are given on Table 4.12 below. In all cases, the 
calculation follows the one outlined in section 4.2.1 but replacing the figure for 
settling rates as appropriate.
Table 4.12 -  Total Respirable Mass for High and Low Dust Settling
Rates
Frequent Dusting Infrequent Dusting
Low  
Settling  
Rate 
(7.46x1 O'9 
g.cm‘2d !)
M ean  
Settling  
Rate 
(3.19x1 O'7 
g.cm'2d l)
High 
Settling  
Rate 
(1 .4 7 x 1 0 6 
g.cm'2d ’)
Low  
Settling  
Rate 
(7 .46x10"9 
g.cm 2d"')
M ean  
Settling  
Rate 
(3.19x1 O'7 
g.cm'2d l)
High 
Settling  
Rate 
(1.47x1 O'6 
g.cm'2d')
Dry  
D usting on 
U ntreated  
W ood
0.00027g 0.0114g 0.0528g 0.00096g 0.0412g 0.1896g
W et 
(w ater) 
D usting on 
U ntreated  
W ood
0.00008g 0.0034g 0.0158g 0.00007g 0.003 lg 0.0141 g
W et 
(dusting  
aid) 
D usting on 
U ntreated  
W ood
0.00006g 0.0028g 0.0128g 0.00005g 0.0022g O.OlOlg
Dry 
D usting on 
Polish  
T reated  
W ood
0.00024g O.OlOlg 0.0464g 0.0006 lg 0.0163g 0.1195g
Dry 
D usting on 
D usting  
Aid  
T reated  
W ood
0.0003 lg 0.02 lOg 0.0608g 0.00069g 0.0295g 0.1358g
The results for the lower limit of dust settling are between 40-50 times lower than the 
mean rate of settling. The results for the upper limit of dust settling are between 4-5 
times higher than that for the mean rate. Thus, it can be concluded that the mean 
settling rate lies somewhere more towards the upper limit than the lower one. As the
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lower limit is such a large factor smaller than the mean, it will not be considered 
further in this discussion. For the upper limit, however, the implication is that the 
potential allergen exposure during dusting is 4-5 times higher than the mean. The 
calculations for total respirable allergen are shown on Tables 4.13, 4.14 and 4.15:
Table 4.13 -  Total Respirable Allergen during Dry Dusting -  High 
Settling Rate
Allergen TRA -  Frequent TRA -Infrequent
Dusting Dusting
Der f  1 (average exposure) 43.8ng 157.4ng
Der p 1 (average exposure) 807. Ong 2897.8ng
Der p 2 (average exposure) 451.6ng 1621,6ng
Can f  1 (average exposure) 6695.5ng (IU) 24042.8ng (IU)
Fel d I (average exposure) 2518.4ng (629.6mU) 9043.2 ng (2260.8mU)
Der f  1 (heavy exposure) 831.8ng 2987.Ong
Der p 1 (heavy exposure) 2643.6ng 9493. lng
Der p 2 (heavy exposure) 1124.Ong 4036.Ong
Can f 1 (heavy exposure) 62398.4ng (IU) 274066.8ng(lU)
Fel d 1 (heavy exposure) 34549.6ng (8637.4mU) 124064.4ng (31016.1 mU)
Table 4.14 -  Total Respirable Allergen during Wet Dusting- High
Settling Rate
Dusting with Water Dusting with Pledge® 
Clean and Dust®
Allergen T R A -
Frequent
Dusting
IRA -  
Infrequent 
Dusting
T R A -
Frequent
Dusting
IRA -  
Infrequent 
Dusting
Der f  1 (average exposure) 13.lng 11.7ng 10.6ng 8.4ng
Der p 1 (average exposure) 241.5ng 215.5ng 195.6ng 154.4ng
Der p 2 (average exposure) 135.lng 120.6ng 109.5ng 86.4ng
Can f 1 (average exposure) 2003.6ng (IU) 1788.Ong (IU) 1623.lng (IU) 1280.8ng (IU)
Fel d 1 (average exposure) 753.6ng 
(188.4mU)
672.4ng 
(168.ImU)
610.4ng 
(152.6mU)
481,6ng 
(120.4mU)
Der f  1 (heavy exposure) 248.9ng 222. lng 201.7ng 159. lng
Der p 1 (heavy exposure) 791.lng 706.Ong 640.9ng 505.7ng
Der p 2 (heavy exposure) 336.3ng 300. lng 272.5ng 215.Ong
Can f  1 (heavy exposure) 18672.2ng (IU) 16663.2ng
(IU)
15126.9ng (IU) 11936.Ong 
(IU) ‘
Fel d 1 (heavy exposure) 10338.8ng 
(2584.7mU)
9226.4ng 
(2306.6mU)
8375.6ng 
(2093.9mU)
6608.8ng
(1652.2mU)
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Table 4.15 -  Total Respirable Allergen during Dry Dusting on Polish 
Treated Surface -  High Settling Rate
Dry Dusting on Pledge® 
Treated Surface
Dry Dusting on Pledge® 
Clean and Dust® Treated 
Surface
Allergen TRA -  
Frequent 
Dusting
T R A -
Infrequent
Dusting
I RA -  
Frequent 
Dusting
T R A -
Infrequent
Dusting
Der f  1 (average exposure) 38.5ng 99.2ng 50.5ng 112.7ng
Der p 1 (average exposure) 709.2ng 1826.4ng 929.3ng 2075.6ng
Der p 2 (average exposure) 396.9ng 1022. lng 520.Ong 1161,5ng
Can f 1 (average exposure) 5883.9ng (IU) 15153.6ng 
(IU)
7709.9ng (IU) 17220.5ng (IU)
Fel d 1 (average exposure) 2213.2ng(553.3
mU)
5699.6ng 
(1424.9mU)
2900.Ong 
(725.0mU)
6477.2ng 
(1619.3mU)
Der f  1 (heavy exposure) 731.Ong 1882.6ng 957.8ng 2139.4ng
Der p 1 (heavy exposure) 2323.2ng 5983.2ng 3044.2ng 6799.4ng
Der p 2 (heavy exposure) 987.7ng 2543.8ng 1294.2ng 2890.8ng
Can f 1 (heavy exposure) 54834.9 IU 141223.5 IU 71852.6 IU 160486.7 IU
Fel d 1 (heavy exposure) 7590.4 ml! 19548.6 mU 9946.1 mU 22215.1 mU
The high level of dust settling has a marked effect on total allergen exposure. Looking 
at total dust mite allergens, frequent dry dusting will result in approximately 1300 — 
4500ng of allergen released, depending on the initial dose of allergen in the dust. This 
compares to the original figures of 300 -  1 OOOng for the average rate of dust settling 
and shows a 4-5-fold increase. For infrequent dusting, the exposure levels for total 
dust mite are approximately 4700 -  16500ng. The results are similar for the other 
scenarios listed above, all of which demonstrate a 4-5- fold increase in the level of 
airborne (respirable) allergen.
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4.5 Variation of Total Allergen
The variation of total dust mite exposure based 011 each individual scenario is 
summarised in Table 4.16. Similar calculations for cat and dog allergen are shown in 
Tables 4.17 and 4.18 respectively.
From these results, it can be seen that the total exposure of allergen can vary greatly 
depending on the method of dusting. Under ideal conditions, the exposure towards 
dust will be negligible. However, under extreme conditions, exposure can be in the 
order of 104 ng of total dust mite, 104 ng (111U) of cat allergen and 106 ng (IU) of dog 
allergen.
4.6 Confirmation of Respirable Mass by Personal Sampling
From the results of the personal sampling in section 3.6.3, the mass of dust recovered 
during the experimental runs varied from 0.0034 -  0.0121g. Comparing these results 
with those predicted by the air particle counting work summarised in Table 4.12 
(section 4.4), the figures predicted are consistent with the actual measured values. 
This is important as it confirms that the experimental model is an accurate method of 
predicting airborne mass.
The prediction of airborne allergen was not conclusive. The results of allergen assay were
negative, however it is not know whether the sample was below the detection limit of 
the assay or whether some of the sample was lost during the assay. Further work 
would be required to investigate this.
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Chapter 5 -  Conclusion
5.1 Summary of Key Findings
5.1.1 Consumer Research
The prevalence of respiratory allergies in the United Kingdom is approximately 12% 
for asthma and 12-14% for hay fever / rhinitis. Thus, the maximum prevalence of 
respiratory allergies, assuming that no asthmatics have hay fever or rhinitis is 26%.
Realistically, there will be many cases where an individual has both conditions so the 
true figure for prevalence lies somewhere between 12 -  26%. However, it is likely 
that the number of households with at least one allergy sufferer will be much higher.
Of those individuals with respiratory allergies, 20% report a reaction towards dusting.
This represents an estimate of 2.4 -  5.2% of the population who will have a direct allergic reaction 
reaction towards dusting. Again, this may represent a much higher number of 
households that have an individual that shows an allergic response towards dusting.
This is a conservative estimate as it only captures individuals who recognise the 
relationship between dusting and an allergic reaction.
From a study of consumer habits relating to domestic furniture dusting, it has been 
determined that there are two types of cleaning task, frequent and infrequent.
Frequent dusting mainly covers surfaces lower in the room, i.e. those that are easily 
accessible and visible. Dusting is usually part of a regular cleaning regime and occurs, 
on average, every 3.5 days. The average surface area being dusted is 54000cm2 and 
most of this is composed of surfaces that have little influence on dust release as a 
result of electrostatic charge generation. Dusting tasks are split between dry dusting 
and dusting with a wet cloth, a polish or dusting aid.
Infrequent dusting mainly involves higher or more inaccessible parts of the room such 
as high shelves or the tops of tall items of furniture (i.e. non-visible surfaces).
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Cleaning of these areas is much more infrequent and is done as part of a more 
thorough cleaning regime, on average every month.
The average surface area being dusted is 10000cm2 and, again, the surfaces involved 
tend to be of materials that have little electrostatic influence on the dust. Dusting tasks 
are split between dry dusting and dusting with a wet cloth, a polish or dusting aid.
5.1.2 Methods for Measurement of Dust Settling
Three techniques were compared for the measurement of dust settling, gravity 
sampling via open petri dish (OPD), vacuum sampling and geltape sampling.
The geltape sampler proved to be ineffective in that each strip did not remove all the 
dust from a section of surface. This was demonstrated by the significant presence of 
dust on subsequent strips.
For the other two methods, the vacuum sampling gave the highest figure of dust 
recovery from a surface. The gravity (OPD) sampler gave consistent results but gave 
an estimate of dust settling that was approximately 84% that given by the vacuum 
samplers. Thus, as an indirect technique this method allowed for a fairly good 
estimation of dust settling. That the two techniques were in fairly good agreement was 
an indication that the values measured were fairly accurate.
The OPD samplers were far easier and cost effective to deploy than the vacuum 
sampling, which required the operator to be present for reliable sampling. It was thus 
concluded that both methods had merit, so long as the limitations of each were 
understood. For the estimations in this model, the dust settling from the vacuum 
sampler was taken as it yielded the highest figure.
5.1.3 Rate of Settling of House Dust
• Settling rate of house dust was measured in 40 locations over three different seasons. 
The results have yielded a mean rate of settling of 3.19x1 O'7 g.cnvday'1. This value
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was consistent across the locations tested and the upper and lower limits of settling 
rate seen can be rationalised with the number of occupants within each location.
5.1.4 Laboratory Measurement of Airborne Dust
The experimental dust chamber constructed to simulate dust settling was 
demonstrated to be a reliable means to reproduce settled layers of dust on a test 
surface that represents normal dust levels in the home. In conjunction with an air 
particle counter, it was also demonstrated to be a reliable method of counting airborne 
dust.
5.1.5 Airborne Dust during Dusting
Use of the experimental laboratory apparatus and air particle counter, it was 
demonstrated that the method of dusting greatly influences the amount of dust 
released into the air (thus, available for respiration by the individual dusting the 
furniture). Dry dusting 011 an untreated wood, Formica® or glass surface yields the 
highest potential exposure, between 0.01 -  0,2g depending on the initial level of dust 
and the period since the surface was last dusted.
Wet dusting was demonstrated to greatly reduce the amount of dust that was released 
into the air, 0.003 -  0.02g dust depending 011 the initial dust level. This represents 
approximately ten percent of the amount of dust released during equivalent dry 
dusting.
The presence of a residual polish on the surface prior to dust settling was also 
demonstrated to be beneficial. Under dry dusting conditions, a residual coating of 
polish reduced the amount of dust released to 0.01 -  0.12g, depending on the initial 
dust level. The benefits were seen most for the heavier dust levels seen on 
infrequently dusted areas. Here, the presence of silicone polish on the surface reduced 
the amount of airborne dust during dry dusting by approximately 40%.
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5.1.6 Allergen Content of Surface Dust
The level of allergen within surface dust was found to be significant, based on the 
measured Der f  1, Der p 1, Der p 2, Fel d 1 and Can f  1.
Cat and Dog allergens were found in most locations (even where no pets were 
present). In homes with pets, the level of the appropriate animal allergen was found to 
be considerable.
For the dust mite allergen, the amounts of total allergen ranged from negligible 
amounts to nearly 90 OOOng of allergen per gram of dust. The average amount of total 
dust mite allergen was approximately 25 OOOng.g"1. In most locations there was 
sufficient allergen present to induce at least a weak response by qualitative test kit 
evaluation. Thus, most of the locations had a concentration of dust mite allergen 
sufficient to potentially elicit an allergic response. It was also true, therefore, that most 
locations had some means of circulation (e.g. inefficient vacuum cleaner) by which 
the dust mite allergen was reaching the furniture surfaces in significant quantities.
Although pollen and mould were not considered in this research, they were both 
visibly present in the dust samples taken so would ultimately add to the exposure. It is 
also recognised that there were certainly other allergens and organic irritants present 
within the dust that would exacerbate the potential degree of allergic reaction.
5.1.7 Estimation of Allergen Exposure
By combination of the consumer data, in-home measuring and laboratory information, 
an estimation was made of the exposure towards allergens during a single dusting 
task. The level of exposure depended on many factors such as cleaning method, 
presence of surface polish, rate of dust settling and allergen content of the dust. 
However, the estimates based on the average and upper values for both yield an 
exposure towards total dust mite of between 50 -  16500ng.
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For cat and dog allergens, exposure is highest in areas where cats and dogs are 
present. For these areas, the upper exposure levels are 104 OOOng (31 000 mU) of cat 
(Fel d 1) allergen and 275 000 ng (IU) of dog (Can f  1) allergen respectively. In all 
cases, this level of exposure represents a significant dose in the average of 35 minutes 
taken for a single dusting task.
5.1.8 M easurement of Exposure by Personal Sampling
The level of dust sampled using the personal sampling technique produced results that 
were comparable to the levels predicted by the laboratory methods. This meant that 
the predictive methods of dust release using the dust chamber and air particle counter 
were reasonably accurate and yielded values in or near the right order of magnitude. 
However, a similar comparison of allergen exposure levels was not achieved. This did 
confirm the hypothesis that direct measurement of allergen exposure in the field 
would be problematic.
Referring back to Figure #1 in the introduction to this thesis, there were a number of 
pieces of data that were important for the construction of the allergen estimation 
model. With the exception of the direct measurement of allergen exposure, all the 
pieces of the “puzzle” were obtained. Where alternative methods were employed to 
obtain the same piece of data, the methods agreed to a reasonable degree of 
confidence.
The data is summarised in Figure #21, which shows how the pieces fit together based 
on the original research plan. This table uses the mean figures for each data point.
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5.2 Testing the Hypothesis
From section 1.10, the hypothesis that was proposed stated:
Settled dust in a domestic environment can contain significant levels o f allergens 
that can provoke allergic disease. This dust is present in sufficient quantities to 
provoke a reaction and the cleaning methods employed to remove dust can result in 
airborne exposure above the threshold levels required to potentially trigger an 
allergic reaction.
In order to demonstrate this hypothesis, there were three main areas for investigation:
1) Identify by consumer self-completion the percentage of the population 
reporting a reaction to house dust during domestic furniture dusting (i.e. 
demonstrate the existance and investigate the significance of the problem).
2) Quantify the amount of dust and the corresponding dust allergens available 
for exposure (i.e. investigate the rate of settling, concentration of allergens and 
processes leading to exposure).
3) Compare the estimated levels of dust allergen exposure to theshold levels to 
test whether or not the predicted levels are of clinical significance.
5.2.1 Prevalence of Reation
Dealing first with the question of how many people are directly (or indirectly) affected 
by house dust released by dusting, the results focus specifically on those members of 
the population reporting an allergic reaction towards the airborne dust. Reporting of 
non-allergic disease was low (less than one percent).
The omnibus questionnaire concluded that the prevalence of the key respiratory 
allergic diseases, asthma and rhinitis / hay fever were approximately 12% each among 
the general UK population. The reports of allergy prevalence were consistent with 
previous studies. The omnibus questionnaire also concluded that a large number of
224
allergy sufferers indicated a connection between dusting and the onset of allergic 
symptoms.
Reporting of causal factors indicated that the majority of cases of reaction towards 
house dust were in relation to asthma and rhinitis / hay fever. The total prevalence of 
respiratory allergy was estimated at approximately 20% of the total population, 
though it has been estimated that the total number of atopic individuals in the UK 
could be as much as 40% (UCB Institute of Allergy, 1997).
The number of allergy sufferers reporting a reaction caused by dusting was 20%, 
though 27% of the people surveyed reported that they were allergic to house dust. In 
terms of percentage of the total population, this equates to approximately 4% of the 
total population that recognise that they have an allergic reaction towards dusting. 
Taking into account the number of people who report being allergic towards house 
dust, this figure will rise to 5.4% of the total population that could react to household 
furniture dusting. These figures only represent those individuals that have recongnised 
the connection between dusting and their allergic response (or that of members of 
their households) so the actual figure is almost certainly much higher. Based on total 
atopy in the UK, as many as 10% of the population may be prone to such a reaction. 
Even so, 4-5% of the population of the UK still represents between two and three 
million people (assuming a total population of the UK of 58 million people (HMSO, 
1991)). This is a significant proportion of the population.
Note: What has not been investigated within this research is the spread of atopic 
individuals within the country. It cannot be assumed that the percentage of allergy 
sufferers directly represents the percentage of households with at least one allergy 
sufferer, which may be a much higher figure.
Thus, the answer to the first question raised is clear. Dusting of furniture and other 
surfaces within the domestic environment does reportedly lead to the onset of the
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symptoms of allergic disease in a signifiant proportion of allergy sufferers (and a 
significant percentage of the general population).
5.2.2 Reservoir of Dust
The reservoir of dust available for exposure depended on a number of variables within 
the domestic environment. The most important factors affecting the size and 
composition of the reservoir were the number of occupants in the home, both human 
and pets (cats and dogs) and the surface area for dust collection. Of importance also 
was the frequency of dusting.
It was observed (section 3.1.2) that the average home contained between five and 
eight square meters of surface that were cleaned by dusting. This area was split into 
two distinct types of surface, that which was easily accessible and visible and that 
which was fairly inaccessible and not immediately visible (e.g. high shelves and the 
tops of tall items of furniture). The frequency of dusting varied depending on the type 
of area. Easily accessible surfaces were dusted on average twice a week whereas the 
inaccessible areas were dusted approximately once a month. This greatly influenced 
the amount of dust that would be present on each area. The easily accessible areas 
made up the majority of die surfaces that were cleaned by dusting but the inaccessible 
areas collected much higher levels of dust between dusting tasks.
The settling rate of dust was found to depend greatly on the number of occupants as 
well as a number of other factors but was relatively consistent over all surfaces in a 
single household. The average rate of settling was in the order of 3x1 O'7 g.cm'2.day'1 
(section 3.3) but was observed as high as 1.5x10-6 g.cm'2.day'1. This equated to a total 
available dust reservoir of between 0.05 -  0.5g of dust, depending on the location and 
dusting frequency.
Assay for the major allergens (section 3.6.2) indicated mean levels for total dust mite 
(Der p 1, Der p 2, Der f  1) of approximately 25000 ng.g"1 of surface dust. However, in 
• high mite locations, the concentration was shown to be able to reach levels as high as 
87000 ng.g'1. Cat allergen (Fel d 1) levels ranged from a mean level of 48000ng.g'! to
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a high of 650000 ng.g'1 and dog allergen levels (Can f  1) ranged from a mean level of 
125000 ng.g'1 to a high of 1120000 ng.g'1. Thus, the total amount of allergen within 
the dust reservoir equates to as much as 43500ng total dust mite, 325000ng Fel d 1 
and 560000ng Can f  1 for high levels of dust & high concentrations of allergen. For 
average levels of dust & allergen, the relative concentrations are approimately 125Ong 
total dust mite, 2400ng Fel d 1 and 6250ng Can f  1.
Thus, from this data the amount of dust on a surface and the composition in terms of 
major allergen can be stated with some confidence.
5.2.3 Dust Released
The amount of dust that is actually released into the air (and thus becomes available 
for inhalation) depends on the dusting method. Although specific furniture surface 
types can be demonstrated to have an influence on dust release (section 3.5.3), the 
majority of the surfaces are of types that have little or no influence, for instance wood. 
The method of dusting, however, does have a significant influence when comparing 
wet and dry dusting as described in section 3.5.5 (wet being defined as with any liquid 
on the cloth, be it water or a furniture polish / dusting aid). The initial level of dust on 
the surface also determines the efficiency of dusting: the higher the initial level of 
dust, the less efficient dusting is (i.e. less dust captured on the cloth). Dry dusting 
results in approximately 20% of dust released into the air for frequently dusted areas 
and 40% for infrequently dusted areas. Wet dusting results in approximately 5% of 
dust to be released, regardless of initial dust level.
5.2.4 Clinical Significance of Airborne Dust
The most important test of the proposed hypothesis is to compare the total airborne 
allergen levels with those levels proposed for the onset of symptoms.
From the airborne dust data, the total amount of airborne aliergen as a result of dry 
dusting will be of the order of 250-500 ng of total dust mite allergens, 480-960 ng Fel 
d 1 and 1250-2500 ng Can f  1 for the average domestic environment. For areas of
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heavy allergen concentration the airborne allergen will be of the order of 8700-17400 
ng total dust mite, 65000-130000 ng Fel d 1 and 112000-224000ng Can f 1.
The corresponding figures for wet dusting are approximately, for mean & high 
allergen levels, 60-2200 ng total dust mite, 120-16000 ng Fel d 1 and 300-28000 ng 
Can f 1.
It was discussed in section 1.4.3 that the level of dust mite allergen sufficient to bring 
on sensitisation is above 2 pg.g'1 and that levels above 10 pg.g'1 can bring about more 
acute symptoms (Platts-Mills, 1997). Similarly, for cat allergens there have been 
levels proposed for senstisation of 1-2 pg.g’1 (Chapman, 1995, Pollart, 1988) and 
more acute reaction around 8-10 pg.g'1 (Platts-Mills, 1995, Pollart, 1988). The 
threshold level proposed for dog allergen is >10 pg.g'1 (Chapman, 1995).
The following table (5.1) summarises the estimated airborne allergen from the various 
domestic scenarios described above. Figures in bold represent those values above the 
proposed allergen level for sensitisation, figures in bold and underlined represent 
those values that are above the proposed allergen level for more acute symptoms.
Table 5.1 -  Total Amount of Airborne Allergen Levels
Mean Allergen Exposure High Allergen Ex losure
Scenario Total
Dust
Mite / pg
Cat
Allergen
/p g
Dog
Allergen
/p g
Total 
Dust 
Mite / pg
Cat
Allergen
/P g
Dog
Allergen
/p g
Dry Dusting 
(Frequently 
Dusted 
Areas)
0.25 0.48 1.25 8.70 65.00 112.00
Dry Dusting 
(Infrequently 
Dusted 
Areas)
0.50 0.96 1.50 17.40 130.00 224.00
Wet Dusting 
(All Areas)
0.06 0.12 0.30 2.20 16.00 28.00
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In terms of allergen concentration (table 5.2):
Table 5.2 -  Total Allergen Concentration of Surface Dust
Mean Allergen Concentration High Allergen Concentration
Total Cat Dog Total Dust Cat Dog
Dust Mite Allergen Allergen Mite / Allergen Allergen
/ flg-g1 f Fg-g'1 / Fg*g1 flg.g1 / flg-g'1 / flg-g 1
25 48 125 87 650 1120
From table 5.2, it can be seen that the concentration of all types of allergen that were 
measured exceed those levels that have been proposed to elicit an allergic response. If 
it is assumed that the proposed threshold levels are not expressed in terms of 
concentration but actual levels (e.g. 2pg of dust mite allergen will elicit sensitisation, 
as opposed to 2pg.g ’), table 5.1 indicates that there are conditions where the 
concentrations can reach clinically significant levels.
The mean levels of allergen exposure as predicted by this thesis are on the border of 
clinical significance so it is concluded that exposure towards dust allergens may reach 
significant levels depending on the specific conditions of allergen level, dust settling 
rate and dusting frequency within a given environment. This answers the third and 
most important question proposed to test the hypothesis.
5.3 Concluding Remarks
While there are a number of variables involved in the assessment of allergen 
exposure, it has been demonstrated that furniture dusting using the current cleaning 
methods can result in a significant level of immediate allergen exposure in a domestic 
environment. This research has focused on a number of major allergens but it is 
recognised that house dust will also contain a number of other allergen sources such 
as molds and pollens, as well as chemical irritants and pollutants. There will also be 
ambient levels of allergens in the air not originating from disturbed house dust. This 
research does not take into account cross reactivity of these allergens and irritants so it
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is likely that the actual inhaled exposure towards all substances that may elicit a 
reponse is much higher than estimated here. The conclusion of this thesis is, however, 
that it is possible for airborne allergen levels released during the furniture dusting task 
to reach levels sufficient to result in an immediate allergic reaction.
From the investigation of surfaces and dusting methods, it is recommended that 
exposure can be greatly reduced by employing wet dusting and avoiding dry dusting.
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Chapter 6 -  Discussion
6.1 Assumptions and Limitations of Model
There have been many assumptions made within the construction of this model. This 
has been done in order to simplify the overall model. The real environment within a 
domestic location will have a number of interacting variables that will influence the 
distribution of airborne dust. These include:
Amount of dust 011 surface
Method of dust circulation (i.e. wet versus dry dusting)
Frequency of dusting
Other sources of dust circulation (e.g. vacuum cleaner)
Temperature and humidity of environment (which may influence the level of 
electrostatic charge on surfaces and dust particles, thus influencing their release 
from surfaces).
Air currents within the environment 
- Number of occupants in environment (human and animal)
Nature of surrounding outdoor environment (urban / rural, etc)
Presence of smokers, wood fires, etc. in environment
6.1.1 Air Circulation
For the model of dust settling, it has been assumed that there is no airflow and that 
dust settles by gravity alone. The dust chamber designed for the model employed this 
assumption as a key feature of its design. Once circulated in the air of the chamber, 
dust is allowed to settle without the influence of external air currents. This was 
designed to allow an even settled layer of dust on the surface. During dust-release 
experiments, the apparatus again prevented airflow apart from the negative flow 
generated by the air particle counter (and the air disturbance of the operator 
performing the dusting action). Given that the air currents in each domestic location 
will be different and will differ from one day to the next (i.e. almost infinite variety in
airflow), this was a necessary simplification. Thus, the dust chamber represents a 
static model of an indoor environment from an airflow point of view, where the real 
situation is, in fact, dynamic.
For the measurement of airborne dust, it has also been assumed that the only factor 
contributing to excess airborne dust was the dusting task, i.e. that 110 other activities 
were going on at the same time (e.g. vacuuming). Again, the possible variety of 
activities is almost infinite so impossible to model with any confidence.
6.1.2 Dust Sample
This model utilised a sample of domestic dust representative of surface dust. The 
sample used was collected from a number of locations within the Egham (Surrey), 
Kingston upon Thames (Surrey) and Poole (Dorset) areas. Due to the low sampling 
rate of surface dust, vacuum dust sieved to an equivalent particle size distribution was 
used to supplement the sample. Several assumptions were made on this dust sample:
- The surface dust collected from the three areas was representative of the entire 
country in terms of allergen content.
- The vacuum dust used to supplement the surface dust behaved in the same way as 
surface dust in terms of aerodynamics.
- The dust used was representative of the entire country in terms of aerodynamics.
It was recognised that the allergen content of dust would vary depending 011 each 
specific location so it would be impossible to ever give a definite figure of mean 
allergen content. However, it was assumed that the 40 locations sampled were 
representative of the entire country. This was one of the limitations of the research in 
that all the dust allergen and settling rate measurements were taken in a limited 
number of urban and suburban locations in the south of the country.
The other limitation of the model is that only a few major allergens were selected for 
assay. This was performed in order to utilise resources as best as possible. Thus,
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although this work gives an estimation of allergen exposure, it only takes into account 
the major allergens. The actual figure of total exposure will be higher when the other 
allergens present are taken into account.
6.1.3 Consumer Habits
The questionnaires that were fielded made a key assumption in that all respondents 
acted the same. What was not taken into account was the fact that those individuals 
reporting respiratory allergic diseases may modify their habits with regards to 
furniture dusting.
Another assumption was that the usage and habits questionnaire that was fielded 
around the Egham, Kingston upon Thames and Poole areas was representative of the 
country as a whole. While every effort was made to ensure a good demographic 
spread among the houses selected, this was still an artificial sub-set of the country.
The options that were given in the questionnaire were also limited and did not allow 
for other cleaning habits that the respondents may employ that might be different from 
the wet / dry dusting options provided. While vacuuming and feather dusting were 
provided as options, these both showed very low reporting of usage so were ignored 
in the model but the usage of these techniques in other regions of the country may be 
more significant.
6.1.4 Summary of Assumptions
1) There was no air circulation in the test environment when looking at dust 
release.
2) Dust sample used was representative in terms of allergen content and 
particle size to surface dust that can be found in any location.
3) The test surface demonstrated no electrostatic attraction on dust (i.e. 
temperature and humidity did not play any part).
4) The consumers questioned regarding dusting habits provided responses 
that were representative of the entire country.
5) Dust mite, clog and cat allergens were the most important contributors to 
allergic response.
6) Respondents with allergic diseases had the same dusting habits as the 
respondents surveyed.
7) Dust release during dusting was as a result of dusting only and not of 
other activities.
8) The predicted level of airborne dust correlated with airborne allergen.
6.2 Recommendations for Further Research
6.2.1 Consumer Research
The initial consumer work that formed the basis of this research was designed to 
explore the anecdotal observation that dusting of domestic surface led to an allergic 
reaction. The omnibus questionnaire was designed to confirm the hypothesis that 
dusting was an important area of exposure compared to a number of related domestic 
activities. Subsequent questionnaires were designed to explore the physical nature of 
the domestic environment in terms of surface area and dusting habits.
The assumption that was made was that the behaviour of the people sampled in terms 
of dusting habits reflected the habits of the general population and, more importantly, 
the allergy-suffering proportion of the population. It may be that such people dust 
more frequently or take other remedial measures during the dusting task. It is also 
assumed that the dusting action is the only method for exposure towards such airborne 
allergens whereas in a normal domestic environment, other tasks such as carpet 
vacuuming may be undertaken at the same time, contributing significantly to the 
allergen exposure.
Given that the prevalence of allergic disease has been established, as well as the 
importance of furniture dusting as a source of exposure, the first recommendation 
would be a more focussed questionnaire aimed specifically at allergy sufferers. This 
questionnaire should probe in more depth the incidence of allergic response as 
induced by dusting as well as identifying the specific consumer habits regarding
234
dusting frequency and technique. It should also probe other activities that may occur 
at die time of dusting, which may influence the level of exposure.
At the same time, the number of households with at least one occupant with a 
respiratory allergic disease such as asthma or hay fever should be established. This 
will give a better indication of the scale of the problem. It may be that only, for 
example, 15% of the population have one or more of the respiratory allergic diseases 
but these people may be spread across, for example, 40% of the households in which 
case the scale of the problem would be much larger than at first glance.
Finally, this thesis has drawn conclusions based on a limited sample of consumer 
habits and domestic environments (surface area, dusting frequency, etc.). A broader 
questionnaire on the scale of the omnibus questionnaire should be performed to 
confirm (01* otherwise) the average conditions. This should over a much broader and 
more representative cross-section of the population.
Likewise, measurement of dust settling rate should be performed in a number of 
different regions such as heavy industrial, inner city or purely rural areas to compare 
the difference in dust settling rate in different local environments.
6.2.2 Allergic Response
It was apparent from the consumer research that many people may not have made the 
connection to an allergy towards house dust. This is hinted at by the much higher 
response towards pollen as the key allergen, even though pollen is an important 
component of house dust.
It is also unclear as to what respired dose of each allergen would be required to elicit 
an allergic response. The implication by this work is that the dose lies somewhere 
within the range measured in the surface dust samples taken.
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In order to understand better the relationship between surface dust and allergic disease 
it would be recommended to perform a series of direct response experiments (such as 
skin-prick testing and direct airborne allergen challenge in an environmental chamber 
(Ronborg, 1996)). These would first of all confirm the fact that a significant number 
of atopic individuals demonstrate a positive allergic response towards the dust (and 
not be showing other lion-allergic irritant-based symptoms). The tests would also 
confirm the approximate allergen dosage within the dust that would, under normal 
dusting conditions, elicit an allergic response. Such testing should both evaluate the 
overall response to respired dust but also examine (via skin-prick testing) towards 
which of the components each individual were responding (thus, which were the 
major components in terms of reaction).
6.2.3 Other Allergens and Irritants
So far, this research has focused on three key sources of allergens, dust mites, dogs 
and cats. The main reason for this selection was that they were the easiest to measure 
in terms of immunoassay. It is recognised, however, that the average sample of house 
dust contains a number of other know allergen sources, such as pollen and mould / 
fungus. Depending on the location, there may also be allergens present from other 
organisms, such as rats, mice and birds. For the organisms evaluated, there may also 
be other allergens present in house dust that were not detected by the immunoassays 
used.
As well as other allergenic components, an individual dust sample may also be 
composed of a number of non-allergenic materials that can act as chemical sensitisers 
or which may indirectly enhance the reaction towards the inhaled allergens. Such 
materials could include tobacco smoke particles or vehicle emission particulates 
(PM10 & PM2 5particles).
In order to ascertain the total exposure towards respired dust, a much broader survey 
would be recommended in which samples would be taken from a much broader range 
of locations and tested for a broader range of allergenic and non-allergenic
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components. Atopic subjects should also be evaluated for their response towards these 
other components of surface dust.
The choice of locations should also account for areas where there would be heavy 
amounts of dust, such as inner city areas and near heavy industry. In such areas it may 
be that the proportion of allergen to dust mass is much less.
6.2.4 Airborne Dust and Vacuuming
One of the key assumptions of this model is that the only allergen that is respired 
during the dusting task is that released from the surface. It does not take into account 
the airborne allergen present at the time of dusting or the allergen rendered airborne 
by other process such as vacuuming (i.e. via the vacuum cleaner exhaust). It is 
reasonable to assume that the total potential allergen exposure in a normal domestic 
environment would be higher than estimated here when the other sources of exposure 
are accounted for.
Thus, it would be recommended that air sampling studies be undertaken to evaluate 
the amount of allergen present in the ambient air. Based on the feedback from a more 
detailed habits and practices questionnaire, studies should also be undertaken to 
evaluate the airborne dust that results from such activities as vacuuming where 
relevant. Such studies should also take into account the type of vacuum cleaner (i.e. 
with or without HEPA filtration) and the actual age / condition of the types of vacuum 
cleaner being used.
The other key factor that will influence the amount of respired allergen will be the air 
currents within a given location. These may render allergens airborne for longer than 
estimated in the static model of the dust chamber. However, they may also carry 
airborne allergens away from the “breathing zone” of the individual, thus reducing the 
overall exposure. For a more accurate estimation of allergen exposure, measurements 
of air circulation within a normal domestic environment would be an important study 
to perform. An example of this type of study was reported by Chung and Lee in 1995
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ill which they used particle trajectories to evaluate indoor air quality (Chung, 1995). 
There has also been a lot of work performed on the prediction of room air motion for 
the design of ventilation systems (Zhang, 1993) which could be applied to the 
question of settled dust.
6.2.5 Other Sampling & Assay Techniques
There are alternative sampling techniques that have could be utilised in this research 
and new techniques that have been developed since the research was performed.
Indoor air sampling could be undertaken using any one of a number of volumetric 
sampling devices, such as those manufactured by the Burkard Manufacturing Co. Ltd 
(Woodcock Hill Industrial Estate, Rickmansworth, Hertfordshire WD3 1PJ, United 
Kingdom).
There are two devices that could be used for surface sampling. The first is the Burkard 
Cyclone Surface Sampler (as per UK patent 9106335.4). This device uses a cyclonic 
action to capture dry particulate matter in a removable catchment tube with high 
efficiency. It is a portable suction sampler that is used in conjunction with a vacuum 
pump. This method requires the researcher to be present to take the sample.
The other device is the Mitest dust collector (Mitest Ltd., 28 Upper Fitzwilliam Street, 
Dublin 2, Eire). This disposable device is attached to the gadget hose of a normal 
domestic vacuum cleaner and collects dust in an air-permeable collection tube. The 
tube can be sealed at both ends (within the Mitest sampler) and can be extracted in- 
situ without the need to remove the sample tube (i.e. with the bottom end capped, the 
extraction medium can be introduced directly into the Mitest sampler without the need 
to remove the sampled dust). The sampler is small enough and light enough to also 
allow for accurate weight measurements. This method has the benefit that it can be 
performed by the occupant of the home (i.e. without the need for the researcher to be 
present). Thus, samplers can be deployed with appropriate instructions by mail.
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It is recommended that these techniques be compared to confirm the estimation of 
dust settling on surfaces and ensure total allergen collection.
For allergen assay, there are now antibodies available for a number of different 
ELISA assays (INDOOR Biotechnologies Inc. Charlottesville, VA). There is also 
another semi-quantitative assay available, the Dustscreen™ strip assay (de Week, 
1998) which should be evaluated for its application in assessing exposure limits in 
surface dust.
6.2.6 Allergic Reaction towards Household Furniture Cleaners
One of the key assumptions that has been made is that the products used to clean or 
polish the furniture do not themselves have any impact on respiratory allergy. Even if 
the products themselves do not have any direct effects, the fact that many of them 
come in aerosol form could have a psychological effect. The omnibus questionnaire 
results from section 3.1.1 indicated that there is a small but significant proportion of 
the atopic population who report a reaction towards aerosol products.
One of the key objectives of this research was to provide data for the development of 
novel dust control products. As part of this, it would be necessary to ascertain the 
impact on respiratory allergies of the chemical components utilised in furniture 
polishes and related products. It would also be important to understand the 
appropriateness of certain product types (e.g. aerosols) for such an application.
This type of study should combine a usage and habits questionnaire amongst allergen 
sufferers as well as direct exposure / response studies using the major chemical 
components of furniture polishes and cleaners to screen which types of material do 
not elicit an allergic response.
6.2.7 Development of Alternative Cleaning Techniques
The key recommendation for further work is the direction for the formulation of novel 
cleaning techniques. It is well understood within the cleaning product industry that it
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is difficult to change the cleaning habits of the average consumer. Thus, it is most 
ideal for cleaning products with new benefits that they fit within the current cleaning 
habits.
The consumer research in this thesis indicated that the average consumer splits 
furniture cleaning roughly equally between dry dusting, dusting with water and 
dusting with polish. From the dust release work, the main area where exposure to 
airborne dust was highest was during dry dusting. This is the area where the 
recommendation would be to concentrate product development activities.
From the results obtained, there are two possible routes for development that are 
immediately obvious:
1) Development of new dusting cloths -  The problem with the current dusting 
method is that the cloths used are not designed to capture dust removed from a 
surface. The typical cotton dusting cloth simply scatters dust around. As has been 
demonstrated in this thesis, this can result in as much as 43% of the dust to be 
scattered, possibly more. If a cloth could be developed that captured more of the 
dust and retained it in the cloth, that would be highly beneficial to allergy 
sufferers.
2) Development of new surface treatments -  It was demonstrated that a layer of 
silicone polish could reduce the amount of airborne dust by a mechanism of 
entrapment or by rendering the particles more adhesive to a cloth. If this residual 
layer could be altered to enhance these effects, a polish could be developed that 
allowed for dry dusting using normal cloths in between polishing while 
maintaining a minimal level of dust release.
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Appendices
Local panel questionnaire used to optimise language and content of questions.
Final questionnaire as used in the RSGB national omnibus survey.
Consumer habits (self-completion) questionnaire.
Excel Spreadsheet for Mass Calculation from Particle Coimts (Malvern APC 300A). 
Results of Vacuum Sampler Measurements
Table A-l — Autumn Sample 
Table A-2 -  Winter Sample 
Table A-3 -  Spring Sample
Appendix #1 — Local Panel Questionnaire
S C Johnson Wax 
Local Panel Questionnaire 
Household Products
D ate:______________ Panel Number:.
Area: _______
M R / M R S / M I S S / M S  
(Please delete as appropriate)
FULL NAME (Please print)__________________________
ADDRESS _____________ _____________________.
TELEPHONE NUMBER
For the following questions, please tick the appropriate box(es) which indicates your 
response;-
1. For each member of your household could you please indicate which, if any, 
of the following allergic conditions they suffer from?
(Please tick boxes against conditions suffered by each household member): -
Household Member 
1 2 3 4 5 6
Asthma:
Hay Fever:
Eczema:
Dermatitis:
Coleac disease (gluten intolerance):
Other non-diagnosed reaction:
(e.g. sneezing, inflammation)
None of the above:
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2. If there are any allergy sufferers in your household, to what are they allergic?
(Please tick all relevant boxes); -
House Dust 
Pollen 
Straw / Hay 
Pet Hairs / Dander
Egg
Milk / Daily Products
Flour
Shellfish
Insect Stings Biological Washing 
Products
Other Household Cleaners 
(N on-Biological)
Drugs (e.g. Aspirin,Penicillin) 
(please specify)
Natural Fibres (e.g. wool) 
Synthetic Fibres 
Aerosols
Fragrances / Perfumes
Other (please specify)
3, Do any of the following trigger an allergic response?
(Piease tick all relevant boxes): -
4. Do the members of your household that have allergies use or avoid any of the 
following types of household product?
(Please tick all relevant boxes): -
Biological Washing Products 
Products Containing Bleach 
Perfumed Cosmetics / Deodorant 
Air Fresheners 
Hypo-allergenic Products 
Specialist Allergen Control Products
Vacuuming
Dusting
Changing Bed Linen 
Being close to Pets 
Spraying Aerosols 
Eating Certain Food
Washing Dishes
Gardening
Exercise
Other (please specify)
Don’t Know
Use Avoid
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5. Have you heard of or ever used any of the following products?
(Please tick all relevant boxes): -
H eard o f  Used
Secto Allergen Spray 
Vax Allerite 
Banamite Spray 
Actomite Spray 
Ac ar os an
Sergeant’s Dust Mite Patrol 
Medivac Vacuum Cleaner 
Anti-dust mite bedding covers
Thank you for your kind assistance and time. Please return the questionnaire in the pre­
paid envelope provided.
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Appendix #2 - Final Version of Questionnaire - National Omnibus
Q. 1 H ow  m any people are there in your household including yourself?
Write in figures.
Q. 2 C ould you please ind icate w hich , if  any, o f the follow ing specifically d iagnosed  allergic
conditions each o f  the people in your household suffer from ? (R epeat for num ber o f  people in 
household up to five).
01: Asthma
02: Hay Fever
03: Rhinitis (Congested / Runny Nose)
04: Eye Allergy
05: Eczema
06: Dermatitis
07: Coleac Disease (Gluten Intolerance)
08: Other Non-Diagnosed Reaction (e.g. Sneezing, Inflammation)
09: None of the Above / Don’t Know
Ask Q. 3 for any code 01: - 08: at Q. 2, others go to Q. 6
Q. 3 T o w hat are you  / they allergic?
01 House Dust / Dust Mite
02 Pollen
03 Straw / Hay
04 Pet hairs / Dander
05 Insect Stings
06 Natural Fibres (e.g. wool)
07 Synthetic Fibres
08 Aerosols
09 Fragrances / Perfumes
10 Egg
11 Milk / Dairy Products
12 Flour
13 Shellfish
14 Biological Washing Products
15 Other Household Cleaners (Non-Biological)
16 Drugs (e.g. Aspirin, Penicillin)
17 Other (specify)
18 Don’t Know
Q. 4 D o any o f  the fo llow ing trigger an allergic response in you /  A N Y  m em ber o f  your household?
01: Vacuuming
02: Dusting
03: Changing Bed Linen
04: Being Close to Pets
05: Spraying Aerosols
• 06: Eating Certain Foods
07: Washing Dishes
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08: Gardening
09: Exercise
10: Stress / Emotion
11: Other (specify)
12: Don’t Know
Q. 5 Do you /  any m em bers o f  your household avoid any o f  the follow ing types o f  household  
products /  groceries for reasons relating to allergies?
01 Biological Washing Products
02 Products Containing Bleach
03 Perfumed Cosmetics / Deodorant
04 Air Fresheners
05 Aerosois
06 Dusting Aids
07 Other Household Cleaners
08 Dairy Products
09 Other Foods
10 Certain Drugs
11 None / Don’t Know
Q. 6 Can you p lease indicate w hich o f  the fo llow ing products and societies you have heard of?
01 Specialist Anti-Dust mite Bedding Covers
02 Hypo-allergenic Products
03 Specialist Allergen Control Products
04 Secto Allergen Spray
05 Vax allerite
06 Banamite Spray
07 Actomite Spray
08 Acarosan
09 Sergeant’s Dust Mite Patrol
10 Medivac Vacuum Cleaner
11 National Asthma campaign
12 National Eczema Society
13 British Allergy Foundation
Q . 7 W hich  o f  the follow ing products and societies have you ever used?
01 Specialist Anti-Dust mite Bedding Covers
02 Hypo-allergenic Products
03 Specialist Allergen Control Products
04 Secto Allergen Spray
05 Vax allerite
06 Banamite Spray
07 Actomite Spray
08 Acarosan
09 Sergeant’s Dust Mite Patrol
10 Medivac Vacuum Cleaner
11 National Asthma campaign
12 National Eczema Society
13 British Allergy Foundation
14 None / Don’t Know
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Key to Excel Spreadsheet
Colour Coding:
Comments
Permanent tabulated constants used in the calculations
Area for inputting experimental data.
g; , - Area used by spreadsheet to display calculations.
Key results.
Text / annotation
Procedure:
For experimental air particle counting work, a background count is usually 
taken. The spectrum of background counts generated by the Malvern APC 300A 
is entered in column F. Counts for the experimental run are similarly entered in 
column G. For studies where the particle counts are being performed on a 
sample in conjunction with the zero filter, the background count is entered as
zero.
The spreadsheet has the following data already inputted:
Particle size (corresponding to the bandwidths of the Malvern APC 300A) in column 
A.
Volume for a single particle (calculated as 4/3t i t 3 assuming spherical particles of 
constant diameter) in column B.
The spreadsheet calculates the total particle count for each bandwidth (experimental 
sample minus background) in . From this, it calculates the total volume for
each band with (column B x ) in .In it multiplies the
particle count in column G by the particle diameter in column A.
In the lower box, the spreadsheet totals to get a . This is
initially in cubic microns so it converts it into cubic centimetres. Using the standard 
(previously measured) value for density, it calculates the total mass of the sample.
In addition, the spreadsheet uses the values in and column G to calculate
the average particle size of the sample.
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